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"Plans are only good intentions unless they immediately degenerate into hard 
work" 
Peter F. Drucker. 
"Give a man a fish and he will eat for a day. Teach him how to fish and he will 
eat for a lifetime" 
Chinese proverb: Confucious, K'ung Fu-Tsi. 
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Abstract 
The home-orientated technology industry has grown rapidly since the 1980s. This 
movement has been catalysed by an intensive evolution in technology development 
and is reflected by academic and industry interest in the area. In combination with the 
ubiquity of digital consumer products, such interest has driven the re-emergence of the 
smart home as an ideal that, with a paradigmatic shift in human interaction with their 
environment, will improve lifestyle and support independent living. Accordingly, the 
smart home has come to represent an aspirational vision of the future. However, 
despite the renewed interest in the area and a legacy of technology that has resulted in 
confused, frustrated and disillusioned users, little research has been undertaken to 
identify the perception of the user towards the smart home. Consequently, the 
provision of guidance for industry practice and designers is severely limited. 
To counteract technology that does not support user needs and to ensure the efficacy 
of the smart home, this research captures the perception of the user towards existing 
and future technology and reflects on the needs of state of the art industry practice. In 
study one, eight workshops (N=55) captured positive anticipation and attitudes of users 
towards the smart home but with some concerns and contradictory needs and 
requirements. A contextual enquiry (N=12), incorporating a probe study and home 
interview, explored technology usage in more depth. Differences in basic technology 
usage, such as heating and lighting, revealed complex meanings behind the assumed 
use of technology. User needs were embodied in a co-design workshop (N=8) in 
which prototypes for the control of their smart home were modelled. Concepts for the 
smart home are distinguished by functionality, the locus of control for human-system 
interaction, and the nature of interaction. Despite the acknowledgement of the value of 
perceptive and aware technology, users must perceive empowerment and ownership 
of all activity in the home. To explore current practice in design and development for 
the smart home, interviews were conducted with industry professionals (N=18) from 
twelve companies and analysed according to a grounded theory method with a 
constructionist approach. User centred design was found to be prevalent in the smart 
home industry but compromises remained. 
The user perceptions towards the smart home illustrate the challenges that the industry 
must overcome, and provide a case study example of including the user throughout the 
`fuzzy front end' of the design process. Although user centred design is often deemed 
a panacea in the development of successful products, this study has found that 
disparate views on user centred design have caused a misrepresentation of the user 
and their importance. It is clear that companies want to be people-centred but effective 
user centred design practice is seemingly not arbitrary. The most immediate needs for 
successful professional practice of user centred smart home design have been 
identified in this study and are supported with the provision of guidance that will 
contribute to their understanding. 
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Chapter 1: Introduction 
1.1 Next wave technologies and markets programme 
In February 2001, the Department of Trade and Industry (DTI) e-Minister, Patricia 
Hewitt, announced a £20 million investment into the DTI Next Wave Technologies and 
Markets Programme (Pinder and Hewitt, 2001). This programme aimed to: 
"Ensure that UK business is structured and equipped to exploit new 
information and communications technologies (ICT) and products that 
enable intelligent functionality to be embedded into devices that will 
eventually become an integral part of daily life" (Next Wave Technologies 
and Markets, 2004). 
In May 2003, a further £4 million was made available for additional projects required 
under the programme (Hirson, 2003). A large percentage of this publicly funded £24 
million was then matched by leading commercial research organisations in order that 
they could work alongside research institutions within the programme. To coordinate 
the research, seven interdisciplinary `Virtual Research' centres with individual 
pervasive computing themes were hosted in leading university and research institutions 
(detailed in Table 1.1). 
Table 1.1: The Next Wave Technologies and Markets seven Virtual Research Centres, Host 
and Theme (Hirson, 2002). 
Virtual Centre I Host I Theme 
Centre for the Integrated Home 
Environment (CIHE) Loughborough University Home 
City and Buildings Centre 
Care in the Community 
HP Laboratories / Bristol 
University 
BTexact Technologies 
Ubiquitous Computing for Healthcare Imperial College 
in the Community 
Architectures, Machines and Devices University of York for Efficient Ubiquitous Systems 
EnviSense - Centre for Pervasive 
Computing in the Environment 
University of Southampton 
Cities and Buildings 
Tele-care 
Tele-medicine 
Microelectronics 
Environment 
Centre for Information on the Move 
Integrated Product RFID and telematics Intelligence Ltd 
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The research presented in this thesis was prompted by an eighteen-month funded 
project within the 'Centre for the Integrated Home Environment' (CIHE)' at 
Loughborough University. Two Research Associates were employed on the project 
under the supervision of two principal investigators. One of the Research Associates is 
the author of this thesis and three of the thesis chapters are a direct result of the data 
collected, as part of the research project investigation (chapters four, five and six). 
Although elements of the other Virtual Research Centres may have applied 
technologies within the home, CIHE was specifically investigating the home as a 
context for pervasive computing2 and dealt with the design and implementation of an 
intelligent, context sensitive user interface, mapped over a pervasive computing 
environment. 
1.2 The third wave of computing, technology push, demand 
pull and the smart home 
The household / technology relationship was identified as creating `a new age of 
complexity' over twenty years ago, with the growth of technology in the home 
(Venkatesh, 1985). Since then this growth has continued, there has been an increase 
of technology in all aspects of our lives including the home, supporting a variety of 
functions, e. g. work applications, provision of information, communication, 
entertainment and security. The growth of the personal and home technology markets 
is still booming. For example, the portable technology market (mobile phones, MP3 
players, smart phones etc) in the UK was worth an estimated three billion British 
pounds in 2006, a growth of 13% from the previous year, and a growth of 78% since 
2001, this growth has been estimated to continue at a rate of 10% every year for the 
next four years (Mintel, 2007). In addition, the UK electrical retailers' sales forecast for 
all electrical retailing (including the portable technology market) showed an increase of 
18.2% between 2005 and 2010 (Mintel, 2006). The growth since 2001 in the market 
size of portable technology, and the increase in sales forecast for all electrical retailing, 
1 Within this research field there are variations of the term `integrated home environment' used 
synonymously or with discreet differences. All terms are discussed in chapter three. 
2 Within this research field there are variations of the term `pervasive computing' used 
synonymously or with discreet differences. All terms are discussed in chapter three. 
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indicates that the consumer has embraced this technology. The 2002 General 
Household Survey for Britain (GHS) showed an increase in the percentage of Great 
Britain households with consumer durables (e. g. telephones, compact disk players and 
home computers) since the 1970s, also supporting the adoption of technology into the 
home (ONS, 2002). However, the 2002 GHS also indicates that this adoption varies 
depending on the national statistics socio-economic classification (NS-SEC), the 
household weekly income, household type (size) and if the household is occupied by a 
lone-parent family (ONS, 2002). 
To continue the growth in the technology sector, governments and technology 
companies are investing huge amounts into the next wave of computing, i. e. pervasive 
or ubiquitous computing for research and development. What the DTI referred to as 
the `next wave technologies', is also termed, the third wave of computing (Weiser, 
1995). The first wave of computing was the mainframe-computing era, where people 
would connect to the computer (mainframe) through a local terminal, commonplace in 
the late 1960s, 1970s and early 1980s but still in use today. The more recent local 
terminals (a thin client) support graphical user interfaces (GUI's). The second wave of 
computing is the personal computing (PC) era, represented by the now universal 
personal computer, where every individual has a personal computer to work from, 
typically at a workstation. In contrast to the mainframe-computing era, the third wave 
of computing envisages many computers serving each person, facilitated by computers 
being embedded in our everyday world (Weiser, 1991). The reality of the third wave of 
computing can be observed everyday with the growth in digital technologies all around 
us. 
To date, in the field of human interaction with technology, the work place has been the 
main focus for research; the first wave and second wave of computing, were developed 
for industry and for work applications, not for the home. Hindus (1999) catalysed a 
new research interest in the home, identifying the home as a legitimate area for 
technology research, considering the growth in ownership of personal home technology 
and consumer durables in the past (and forecast for the future), the obvious economic 
potential, and the impact technology has on millions of people. 
The smart home draws together all of the areas discussed above: the increase in 
consumer ownership and spending on consumer technologies, the third wave of 
computing and the home. Although it is not a new concept, the smart home at its most 
simple is a home with the third wave of computing technology incorporated into it. This 
technology, the third wave of computing, is more sophisticated and intelligent than 
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existing home technology. The smart home literature forecasts many lifestyle benefits 
for the whole population, seemingly limited only by computer scientists and 
futurologists imagination. For example, technology could facilitate home independence 
in old age, despite physical and cognitive disabilities by being 'aware' of home 
occupants. However, it is also predicted that new technology will necessitate new 
interaction paradigms. This causes concern because many existing consumer 
products with familiar interaction methods leave large numbers of the population 
frustrated when interacting with them, suggesting that products are not yet designed 
effectively for human use (Norman, 1988; Cooper, 2004). 
One cause of user frustration is the rapid development of new technology, through the 
advancement of knowledge in industry and academia, known as `technology-push'. 
Demands are placed on a `quick product to market' development cycle, placing 
additional pressures on design and development teams, who are left without the time to 
consider the needs of the end-user within a user centred design (UCD) process. 
Contrary to this, when design and development teams consider the needs of the end- 
user first and `pull' technology development, it is termed `demand-pull'. In the 
development of the smart home, there is a danger that `technology push' will lead to a 
home that will cause additional stress to home life by complicating, currently simple 
functionality, and perhaps leave even basic functions, such as the use of the lighting 
and heating, unusable. If the development of a smart home leads to a more complex 
home than today's home, it will affect the likelihood of the smart home being embraced 
as a benefit to the population. Research is required to investigate the third wave of 
computing from a user perspective to counteract unusable design. This information will 
support the designer in the design of smart home technology. Research questions 
include: what do people want from smart home technology; how do people perceive 
this third wave of computing technology; will requirements differ within the population 
and how? 
The development of technology for the smart home incorporates many disciplines and 
is influenced by different industry segments. Research is required to understand the 
context of smart home design. In particular, it is paramount to realise the constraints 
placed on the individual designer and the team in which they work, i. e. the pressures 
and compromises that are placed upon the `ideal' design process, in order to produce 
cost effective and competitive products. The understanding of the existing design 
process will contribute to the provision of guidance that will lead to a more successful 
design process for the smart home. Research questions that must also be answered 
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include: who is designing smart home technology; how is smart home technology being 
developed; what user information is available to designers; and what information is not 
available to the designer? 
1.3 Research aim and objectives 
The aim of the research presented in this thesis was to investigate user perceptions 
and capture user requirements of the smart home, to support industry practice in the 
development of smart home technology products. Following a critical review of the 
literature, the following broad research objectives were identified: 
1. To explore what people want from smart home technology in terms of their 
physical, cognitive and emotional needs. 
2. To identify challenges to smart home technology in order to meet the needs of 
different users. 
3. To understand design professionals needs, opinions and experiences of 
working practice, in relation to user information and user involvement in the 
design process. 
4. To provide guidance to facilitate `designers' in understanding the user, to 
support the design of future smart home technology. 
1.4 Structure of the thesis 
The key elements of the thesis (shown in Figure 1-1) are now discussed under three 
headings: development of the research objectives, thesis data collection, and thesis 
data synthesis and research outcomes. Figure 1-1 illustrates the structure of this 
thesis and the interactions between the different chapters. 
5 
Development of the research objectives 
Chapter 1: 
Introduction 
Literature review 
C Chapters 2,3,4:  f Home technology / The future 
home/ Design for the home 
I 
Thesis data collection 
Methodological approaches to 
smart home research 
Chapter 5: 
Research Methodology 
The needs of the smart home technology user 
Chapter 6: 
Smart Home 
Workshops: 
investigating user 
perceptions of 
the smart home 
(n=55) 
Chapter 7: 
Home Case 
Study: 
understanding 
behaviour 
surrounding 
home technology 
(n=12) 
Chapter 8: 
Co-designing 
Workshop: 
embodying smart 
home user 
requirements 
(n=8) 
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Chapter 10: 
Discussion, implications, 
guidance, for smart home 
industry design practice, and the 
conclusions 
Chapter 9: 
Experiences of 
the 'designer': 
exploring 
experiences of 
industry practice 
(n=18) 
Figure 1-1: The structure of this thesis and the interaction between chapters. 
Thesis data synthesis and research outcomes 
The needs of the 
smart home 
technology designer 
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1.4.1 Development of the research objectives 
A comprehensive and critical literature review has been carried out, utilizing a wide 
variety of sources. Individual articles have been acquired from subject areas including: 
computer science, psychology, social science, design, ergonomics and journals that 
bring a number of these areas together, e. g. Human Computer Interaction (HCI) and 
Pervasive Computing. The smart home research field is new and fast paced, partly 
due to computer and related technology development. Consequently, some key 
articles that are frequently referenced in journals and literature are conference papers 
and are included in this literature review. Conclusions are drawn at the end of each 
literature chapter. The literature is presented as follows: 
" Chapter 2: Technology in the home 
o History of technology in the home 
o Today's consumer smart home 
" Chapter 3: The future home 
o The vision and application of the smart home 
o The adopter of the smart home and the smart home market 
o Smart home technology empirical research 
" Chapter 4: Design for the smart home 
o User Centred Design (UCD) 
o Universal design / Inclusive design / Design for all 
o The provision of user knowledge in UCD 
Smart home research, as a part of the renewed interest in technology for the home, is 
carried out by researchers who stem from a multitude of scientific disciplines with 
different ontological assumptions, methods and language use. Chapter five 'research 
methodology and methods' contains a review of the research methodologies 
underpinning smart home research and discusses the strengths, limitations and 
compromises of the approaches followed. The chapter concludes by identifying the 
most appropriate approach for this research. 
1.4.2 Thesis data collection 
To satisfy the research objectives, four research studies were conducted as follows 
and illustrated in Figure 1-1. 
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The first aspect of this research is an investigation of end-user perceptions of existing 
and smart technology (chapter six). Eight Smart Home Workshops were conducted 
involving 55 participants. The insights gained provide an understanding of the 
challenges that designers must overcome in the development of these technologies for 
the home. 
To capture in-depth data about user requirements related to the usage of current 
technology and to build upon the findings of chapter six, chapter seven presents a 
Home Case Study (N=12). This exploratory, contextual enquiry captured rich 
information about existing human-home technology interaction and behaviour in real 
homes. In chapter eight, a Co-Design Workshop is presented in which the home case 
study participants took part, to further explore their individual smart home 
requirements. The Co-design Workshop was used as a tool to access unspoken 
feelings and ideas that may not have been previously expressed (Sanders and 
Dandavate, 1999; Sanders and William, 2003). A smart home profile for each home is 
presented, indicating individual's requirements. 
Finally, an in-depth interview study (N=17) was undertaken to investigate the 
experiences of the smart home `designer' (chapter nine). This followed a grounded 
theory approach to data collection, utilising theoretical sampling until data saturation 
(Glaser and Strauss, 1967; Strauss and Corbin, 1990 and Strauss and Corbin, 1998). 
This led to an understanding of designers' needs, opinions and experiences in relation 
to their current working practices and future smart home design and development. 
1.4.3 Thesis data synthesis and research outcomes 
Data collected regarding the end-user (chapters six, seven and eight) and the designer 
(chapter nine) identified the challenges that must be overcome to satisfy the user. The 
discussion and the conclusions of the research are presented in chapter ten. 
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Overview of the thesis 
Development of the research objectives 
Chapter 1: 
Introduction 
Literature review 
I Chapters 2,3,4: Home technology / The future 
home/ Design for the home 
4 Thesis data collection 
Methodological approaches to 
smart home research 
Chapter 5: 
Research Methodology 
The needs of the smart home technology user 
Chapter 6: 
Smart Home 
Workshops: 
investigating user 
perceptions of 
the smart home 
(n=55) 
Chapter 7: 
Home Case 
Study: 
understanding 
behaviour 
surrounding 
home technology 
(n=12) 
Chapter 8: 
Co-designing 
Workshop: 
embodying smart 
home user 
requirements 
(n=8) 
I 
Thesis data synthesis and research outcomes 
Chapter 10: 
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guidance, for smart home 
industry design practice, and the 
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The needs of the 
smart home 
technology designer 
Chapter 9: 
Experiences of 
the 'designer': 
exploring 
experiences of 
industry practice 
(n=18) 
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Chapter 2: Technology in the home 
The literature has been divided into three chapters with eight areas of interest. This 
chapter will discuss the `history of technology in the home' and `today's consumer 
smart home'. 
2.1 History of technology in the home 
It is important to have some understanding of technology diffusion as the attributes of a 
successful product will provide insights that may be applied to the smart home. Many 
products have been developed to use electricity since it first emerged in the home, the 
rate of diffusion of this technology will now be discussed. 
2.1.1 Time-saving and time-using goods 
The first appearance of what we today call home technology was durable goods, for 
example the vacuum cleaner and the washing machine. These are frequently split into 
two distinct categories: time-saving goods (white goods) and time-using goods (brown 
goods) (Bowden and Offer, 1994). By the nature of their name, `time-saving' goods 
potentially increase spare time by reducing the time needed to carry out a domestic 
task, e. g. a dishwasher reduces the time needed to clean household plates, dishes and 
cutlery. Contrary to this, `time-using' goods occupy spare time and enhance it's 
perceived quality, e. g. watching television or a DVD requires you to consciously commit 
free time but the quality of free time is perceived as greater than if the television and 
DVD were not present. 
2.1.2 Time-saving household-technology paradox 
Until the 1930s technology was developed for servants' use: the majority of home 
durables were time-saving goods but the population that bought time-saving devices 
was limited to those who could afford servants (Forty, 1995). These goods promised to 
reduce the time and effort needed for domestic jobs. However, an interesting and 
ironic point to note is that, it was not until the 1960's that the supposed time-saving 
goods shortened the amount of time that people spent on domestic duties. This is 
known as the housework-technology paradox (Berg, 1994). 
Today, the common conception remains that time-saving technology reduces the time 
required for housework. However, studies have disproved this theory (Berg, 1994). 
10 
One reason attributed to this is not related to the technology itself but the time required 
to achieve the rising standards of domestic home care, such as that at least the same 
amount of time is required. There is still a wide belief that technology in the home has 
rationalised housework, leaving no inequality, and that tasks are shared between the 
sexes, contrary to the traditional housework gender divide. In support of the 
housework-technology paradox, Bowden and Offer (1994) suggest that technology in 
the home did not reduce time spent on domestic work because the gender division of 
labour in the home was not rearranged. In addition, due to an attitude that the work is 
no longer onerous, they suggest that men and children no longer help with chores in 
homes that are particularly well equipped with appliances. Despite tasks being more 
productive and less labour intensive with time-saving technologies, this led to an 
increase in the work carried out by the mother, (Schwartz, 1983). Berg (1988) also 
suggests that significant gender inequality remains. 
2.1.3 The diffusion of time-saving and time-using goods 
By 1939 about 66% of homes in the UK had mains electricity, but the majority only had 
it for lighting (Gann et al., 1999). After the Second World War a significant number of 
homes started to introduce domestic electricity technology into the home. At this point 
in time, television, a time-using technology, was advertised widely and acclaimed as 
the new `entertainment' and `information' medium (Spigel, 2001). This coincides with a 
change in rates of diffusion within the home for time-using and time-saving goods. 
The 2002 General Household Survey for Britain shows that home technology adoption 
varies depending on the national statistics socio-economic classification (NS-SEC), the 
household weekly income, household type (size) and if the household is occupied by a 
lone-parent family (ONS, 2002). However, time-using goods are shown to diffuse 
much more quickly than time-saving goods, not indicatively of income. In contrast, 
time-saving goods emergence in the home is closely related to household income 
(Bowden and Offer's, 1994). For example, the then upper, middle and lower classes 
had very similar percentages of TVs in 1958, whereas there was still a large difference 
in time-saving goods even though they had been available for a much longer period. 
Bowden and Offer (1994) report that black and white television reached 80 percent of 
American homes within just 10 years. Acceptance in England and Wales was slightly 
more. The washing machine, in contrast, took almost 50 years (until 1970) to achieve 
this level of diffusion. Similarly, refrigerators took more than two decades to attain the 
level of acceptance that television achieved in one year. 
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2.1.4 Reasons for the difference in time-saving and time-using diffusion 
Three explanations for the difference in this diffusion have been drawn from Bowden 
and Offer (1994): 
1. Quality of time: Consumers prioritise and enhance their quality of discretionary 
time; time-using goods provide sensual arousal, rather than increase the quantity of 
spare time. Berg's (1994) technology-housework paradox suggests that no 
additional time is gained from time-saving goods. 
2. Gender divide: A gender divide of domestic duties in the home affects buying 
habits. All members of the household enjoy time-using goods but the female in the 
home, according to Bowden and Offer (1994), is the only person to benefit from 
domestic electricity appliance purchase. It follows that any divide in role could 
affect purchase decisions. 
3. Status appeal and spending power. Time-using technology, contrary to time-saving 
goods, is typically on show in the home and considered status goods that appeal 
more to the male. The man, who traditionally controls the money in the home, will 
therefore acquire these goods as a priority over time-saving goods. 
These explanations for the difference in diffusion are related to a gender divide of 
domestic duties in the home. Although there may be a divide of domestic duties in a 
home, it is now not believed to be as divided as it was. Despite this, for two other 
reasons related to the lifespan of the product, any gender divide is unlikely to affect the 
diffusion of these time-saving and time-using goods: 
4. Mature functional market: The market for time-saving goods is considered to be 
mature, goods have a specific manual function and are only bought for newly built / 
purchased properties or as a replacement for a broken one. 
5. Sensual arousal: On the contrary, time-using goods provide entertainment by 
sensual arousal (Bowden and Offer, 1994). In the market place, this leads to a 
more rapid product cycle because the goods lose their appeal often well before 
they need replacement. Designers and manufacturers increase sales further by 
offering updated versions of a product typical of today's telecommunications 
market, e. g. mobile telephones. This was also apparent in the 1950s when 
advertisements depicted the television as a home theatre and home design began 
to promote new ways of living, alongside modern technology (Aldrich, 2003). For 
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example, radios and televisions were designed to look like luggage, emphasising 
the behaviour of watching television outdoors. As mentioned above, the display of 
new technology was considered especially important in the home as a dominantly 
male reflection of status. In contrast to this, time-saving goods are placed out of 
view (Spigel, 2001). 
2.2 Today's consumer smart home 
The history of technology diffusion in the home has implications for the smart home, 
specifically, the difference between the diffusion of time-using and time-saving goods. 
Time-using goods diffuse more quickly and independently of household income, while 
time-saving goods diffuse more slowly and are indicative of household income. This 
provides some insights into how people may perceive and prioritise smart home 
technology. The difference in diffusion of time-using and time-saving technology 
suggests that time-using and sensual arousing smart home technologies will diffuse 
more quickly than other smart home technologies. It is also indicated, from feminist 
research, that the purchasing and use of home technology is not gender neutral (Berg, 
1994). Indeed, this could affect the smart home market. 
To establish whether these trends have continued, the current smart home market will 
now be reviewed, before discussing the academic literature. Due to the fast pace of 
technology development, it is important to reflect and acknowledge what smart home 
technology is available to the consumer now, what is published in the consumer media, 
and if there are any reported problems. 
Home automation has promised to improve home lifestyle since the 1940s and the 
smart home has been the centre of most of this attention (Mozer, 1998). The smart 
home moved from science-fiction to a real prospect for the consumer in the late 1990's, 
when it began to appear in lifestyle magazines, television programmes and films 
(Aldrich, 2003), mainly as a result of the improved technical sophistication. Forty 
(1995) highlights that domestic goods were originally owned by those who could afford 
servants for use by these servants. This is similar to the current smart home market, 
as noted by Dewsbury (2001), who commentated that the UK has been slow to adopt 
smart home technology, "except as a toy for the rich and famous, " because it is 
expensive and requires custom installations. Despite this, since the late 1990s, 
interest in this area from a commercial perspective has grown and with it the 
sophistication of what and how technology is available to the consumer. Gann et al. 
(1999) draw a parallel between the conditions in the 1920s and the demand for 
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electrical appliances expansion being similar to that of the smart home market today: 
the cost of technology is declining, technology is advanced and the prevalence of home 
computers and the Internet offers any technology in the home the capability to 
communicate with technology outside the home. The growth in the smart technology 
industry has equalled the growing media coverage. 
2.2.1 Media coverage of the smart home 
Over the course of researching for this PhD, which commenced in October 2003, an 
increasing number of companies have emerged to provide the homeowner with a smart 
home technology package, to suit the individual (Wagstaff, 2004), thus evidence that 
the consumer smart home has continued to gain popularity. The Custom Electronic 
Design and Installation Association (CEDIA) publicise the potential for the smart home 
as leading to improvements in lifestyle, "levels of convenience, security and enjoyment 
you thought were merely a dream in the distance are very much a reality" (CEDIA, 
2004). The consumer popularity of smart home technology has lead to the annual 73 
Smart Home Show', where in 2007 at least sixty companies exhibited smart technology 
for the consumer (SmartHomeShow, 2007). The T3 magazine is self-proclaimed as, 
"the world's no. 1 gadget mag"' (T3,2007), publicising smart technology and consumer 
electronic products. In the `Home' supplement of `The Sunday Times' newspaper, a 
five-page "smart technology special" was published, dedicated to informing the 
readers, "how to make your home high-tech" (The Sunday Times, March 11th 2007). In 
this article, the technology is placed firmly at the centre of the future home; an 
illustration of smart home technology in the home is supplemented with the title, "in less 
than two decades, these features will all be considered standard". Clearly, these 
articles portray the smart home as the future home. 
However, in other media that has been published in the time-span of this PhD, positive 
and negative articles relating to smart home technology have been reported. For 
example, just by reviewing article headlines, positive articles include, "Smart homes 
offering a helping hand (BBC News Online, May 19th, 2004), "The digital home takes 
shape" (BBC News Online, 25th July, 2004), "Gadget `restored my independence"' 
(BBC News Online, September 4th, 2004), and "Smart homes a reality in S. Korea" 
(BBC News Online, 24th November, 2006). Negative headlines include, 
"Gadgetphobia! " (Daily Mail, September 17t", 2004), "Technology `baffles old and poor"' 
(BBC News Online, May 16th, 2005), "High-costs deter hi-tech dreams" (BBC News 
Online, July 12th, 2005) and "Digital home `still 10 years off"' (BBC News Online, 1st 
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June, 2006). From a consumer point of view, these articles are confusing, giving 
contradictory opinions, despite being published within the past three years, and 
frequently from the same source. 
Media coverage predominantly emphasises the time-using, sensual arousal and 
entertainment elements of new technologies, rather than the less glamorous 
technologies designed to maintain independence in old age. The technologies 
currently on the market will now be discussed. 
2.2.2 The consumer smart home 
The `digital home' represents companies' greatest hope for revenue growth in the 
coming years (The Economist, September 3rd 2005). Excitement in the market place 
from companies is not about the content being digital but the switch from physical to 
photon, "because this requires the consumer to buy new gadgets (The Economist, 
September 3rd 2005). " Depending on their position in the market place and their 
current product, companies are aiming to take advantage of the digital home. 
For example, in the opening keynote speech of the 2007 International Consumer 
Electronics Show (CES), Bill Gates (Microsoft Corporation founder and Chairman) 
demonstrated the organisation's vision of the future bedroom, illustrating how their 
technology is being developed to ensure that it will be integral to the future home (The 
Guardian, January 11th 2007a). In the opening keynote speech at the Macworld 
Conference and Expo 2007, Steve Jobs (Apple, Inc. founder and Chief Executive 
Officer) presented the new Apple Inc. technologies that will continue to strengthen their 
move from being a computer company to a computer and consumer electronics 
company, ensuring their bid for a stake in the vision of the future home (The Sunday 
Times, January 14th 2007; The Guardian, January 11th 2007b). Due to the ubiquity of 
the PC in the home and that 87.3% of home personal computers (PCs) are run by one 
of Microsoft's Windows operating system (w3schools, 2007), many of the industry 
observers believe that the home PC will become the repository for all digital content in 
the home (The Economist, September 3rd 2005). However, the success of the iPod 
and the intuitiveness of Apple design make them one of the only real competitors to 
Microsoft (The Economist, September 3rd 2005). Microsoft and Apple both aim to be 
majority stakeholders in the future home, placing the PC central to the home whilst 
other technologies are controlled through it. 
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It is clear that the consumer smart home is in the current market place, and that 
companies are investing and striving to capture market share; however, there is not a 
single smart home `industry' (Barlow and Venables, 2003). This author has divided the 
current consumer smart home into two areas or industries for simplicity: healthcare, for 
example, to support medical conditions and/or to maintain independent living, and the 
more lifestyle focused smart home, for example, mainly time-using products (i. e. 
sensual arousal and entertainment) but also more sophisticated white goods (i. e. 
washing machines). There are many different approaches to the smart home being 
pursued by different companies within these two areas. The consumer benefits and 
limitations of these approaches are summarised in Table 2-1. The smart home 
approaches vary in capability within the approaches, depending on the technology 
sophistication, which in-turn depend on the price that the consumer is willing to pay. 
Technical sophistication limitations are widely reported as the constraining factor of the 
smart home. An additional factor limiting the smart home is the sophistication of the 
user-system interaction. The limitations of the current smart home are now discussed. 
2.2.3 Limitations of the current smart home 
Limitations of the current smart home have been identified and described in this 
section. These limitations are not independent of one another and the first two, cost 
and technology sophistication will naturally fade as technology advance leads to a cost 
reduction. In the course of this PhD the limitations of the cost and technology 
sophistication have decreased notably. 
Cost 
There are business models that suggest a smart home system is affordable, for 
example DeMaria (2002) indicated that a smart home system of $5000 would only add 
$35 a month to the average mortgage in America. In The Sunday Times five-page 
`Smart technology special' (March 11th 2007), £650 was suggested for retrofit 
technology, in this case, a "programmable touch screen remote control for every device 
and every room in your home. " Technology was also included up to and in excess of 
£100 000 however, for a complete "bespoke installation, including building work. " All of 
the technology referred to were time-using in nature. However in reality, the cost of a 
system is limitless and six years on Dewsbury's (2001) observation of technology being 
"a toy for he rich and famous" is still supported. The high cost of the system is likely to 
be preventing large scale diffusion of the smart home. 
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Table 2-1: The two main foci (F) for the smart home (healthcare and lifestyle) and the 
benefits and limitations of the approaches. 
F Approach Description Benefits Limitations 
Assistive devices & Tele- 
` healthcare is designed to + Cost effective if it 
support independent living in prolongs independent s 
older age. Tele-healthcare is living. Cheaper for - Technology sophistication 
Assistive & tele- very extensive, from tap-turners government than moving - Stigma 
= healthcare to tagging & tracking for people people to specialised - Can not replace human technology with dementia. Systems are accommodation and assistance in the majority of 
available widely but mainly people prefer to live cases 
0 through local Social Care independently (Gann at 
U. Services and Housing al., 1999). 
Associations. 
The most popular off the shelf 
smart home is X10. It is - Only limited on/off 
incapable of replacing the day- + Low cost. functionality, e. g. remote 
Off-the-shelf to-day chores, despite the + Easy and quick control of 
lighting and 
smart home 
common consumer publicity that installation. curtains (Mitchell, 2003); for this smart technology can lead to further information on X10 
home automation, e. g. + Available in many shops. technology please see 
`Automate your home, ' PCPRO, Smarthome, 2007). 
October, 2003 (Mitchel, 2003).. 
- Cost. 
"The planning, design, supply + Greater functionality - 
Building work can be 
and installation of automated + Permanent: built into the 
required for a retrofit. 
electronic systems for the home. - It may requires an engineer 
modern, intelligent home for installation. 
The bespoke (CEDIA, 2004). " This includes, 
" 
+ Considered cost effective 
if it prolongs independent - 
Technology limitations due 
smart home phones, security systems, living (Gann at al. 1999). to 
lack of common protocol. 
irrigation systems and air 
conditioning systems controlled 
, 
+ Custom built to - 
Not easy to use and too 
through a simple keyboard" consumer's complicated 
for average 
31 (CEDIA, 2004, pg. 2). requirements. 
user. Technology even 
complicated for installer 
(Wagstaff, 2004). 
1 1 4 
2 _J 
Cable & tele- 
Cable and telecommunications 
companies aim to lease set-top + Cheap but frequent cost - 
Functionality limited to time- 
using goods 
3 communication boxes to the consumer and + Familiar interaction 
- Limitations in technology p centric smart provide services through their methods due to lack of common LL home television (The Economist, + Easy installation. y protocol September 3rd 2005) 
- Functionality limited to time- 
+ PC based, minimising the using, entertainment goods 
The personal Companies including Microsoft additional technology - Requires the home 
computer Corporation and Apple Inc. aim required occupant to set up the 
centric smart to place the personal computer + Familiar interaction system 
home in the centre of the home methods - Limitations in technology 
+ Easy installation. due to lack of common 
protocol 
Consumer electronics 
companies business model (e. g. 
The consumer Sony) relies on 
the consumer + Cost - 
Functionality limited to time- 
electronic continuously 
buying new + Familiar interaction 
using goods 
centric smart 
products, the greater number of methods - 
Limitations in technology 
products that they sell, the due to lack of common home greater their profits (The + Easy 
installation. protocol 
Economist, September 3rd 
2005). 
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The second area of the smart home is healthcare technology, this is subject to a 
complicated business model, i. e. is it a public service, a consumer product and will it be 
paid for by the individual or personal health insurance /a national health service? For 
example, Philips Lifeline (Philips Lifeline, 2007) is a service for which users pay a 
monthly subscription advertised with the slogan, "Get protection for little more than a 
dollar a day. " In the United States the Philips Lifeline service is paid for privately, in 
Britain a similar service is provided by the charity Age Concern, also for a private 
charge. Conversely, in Britain, there are a growing number of tele-healthcare systems 
provided, installed and paid for by the National Health Service to support and maintain 
independent living. Healthcare systems that require physical installation will require a 
greater price in a similar way to retrofit time-using technology. Due to the ageing 
population3 and their large take-up of single-occupancy homes4 and partly due to the 
growing trend of people in their 30s and 40s to live alone (Barlow and Gann, 1998), 
there is a reliance on old housing stock in the UK; for existing homes to become a 
smart home they must be retrofitted. 
Technology sophistication 
For smart homes to have the ability for different devices or systems to communicate 
with each other, technology must have a standard protocol or language. Without this 
ability, smart homes will be limited to incorporating technology from single 
manufacturers rather than home occupants having the ability to pick and choose 
devices (Gann, et al. 1999). Gann et al. (1999) and Aldrich (2003) commented that this 
is now becoming less of a problem. Companies are preaching interoperability, for 
example, the Digital Living Network Alliance (DLNA) that includes companies such as 
Intel, Microsoft, Samsung, Motorola, Matsushita, Hewlett-Packard, Sony, Philips, 
Nokia, who are making a standard set of protocols for sharing files, such as music. 
DLNA also specify details that enable electronic devices to find, recognise and 
communicate with one another (DesignNews, 9th April, 2007). There are numerous 
other standards for home networking, e. g. The High Definition Audio-Video Network 
Alliance (HANA), which offers guidelines to link TVs, digital recorders and storage 
devices; Multimedia over Coax Alliance (MoCA); Home Phoneline Networking Alliance 
3 It is estimated that half of the European population will be over 65 by 2010 (Eurostat, 2003). 
4 94 percent of those aged over 65 live independently (ONS, 2002). 
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(HPNA); the HomePlug Powerline Alliance; as well as the Universal Plug And Play 
Forum (UPnP Forum), (DesignNews, 9th April, 2007). 
Nevertheless, hitherto, a compatibility limitation exists. Observers of the digital home 
market have very poignantly stated, "for the foreseeable future, the only certainty is that 
all these companies will continue to preach interoperability while pursuing proprietary 
hegemony" (The Economist, September 3rd 2005). If this is the case, the smart home 
will continue to struggle in the market place, because companies will strive for their 
own technology standard. 
Technology push and usability 
Technology innovations are the effect of technology push and demand pull, and 
research conducted in the 1970s concluded that both are important (Dosi, 1982; 
Mowery and Rosenberg, 1979). In a study of technology-push and demand-pull 
patterns of computing technology, Van den Ende and Dolfsma (2005) divide the 
evolution of computer technology into three periods (1900-1960,1960-1990 and after 
1990) and propose that since the 1960s technological knowledge and development 
have played the most important role, and also had a significant effect on society and 
economy at large. However, their analysis of computing technology innovation 
indicates that technological knowledge and developments are not always the instigator 
of new technology paradigms and support the influence of both technology-push and 
demand-pull on innovation. 
Literature indicates that technology-push has led the drive of technology into people's 
lives (Van den Ende and Dolfsma, 2005). Mundorf and Westin (1996) suggest that the 
excessive number of functions available in many communication and computer 
systems is limiting the adoption of technology as it has reached a point far beyond that 
needed by the average user. Buurman (1997) called for user-centred design (UCD) 
methods to be incorporated into the development of smart technology products 
because of the difficulty intended users had operating them. The reason identified for 
this difficulty was explained to be, "low a priori guessability" (Buurman, 1997). This 
means that technology is not intuitive to the user; reasons for this suggested by 
Buurman (1997) are that technology lacks intrinsic feedback (movements and noises) 
and the characteristic form elements of conventional (non-digital) products. More 
recently Hall (2001) highlighted the same issue that, seemingly uncomplicated 
everyday tasks are becoming progressively more difficult to carry out with emerging 
technology. 
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Technology-push has clear negative implications for usability, a phenomenon Norman 
(1988 and 2002) calls `creeping featurism'. Creeping featurism is the tendency to 
incorporate a huge number of features in a device because the technology is available 
and sophisticated, despite it perhaps not being desirable, forcing a product to be too 
complicated and unusable. Nevertheless, the growth in consumer technology 
development and successful sales would suggest that perhaps this problem has 
ceased. However, media articles suggest that people cannot cope with gadgets and 
understanding technology, e. g. "Gadgetphobia! " (Daily Mail, September 17th, 2004) and 
"Technology `baffles old and poor"' (BBC News Online, May 16th, 2005). The difficulty 
of developing usable products is yet to be rectified, causing a concern for the market 
for future technology because bad experiences will affect the perception of new 
technologies. Alarmingly, Dewsbury et al. (2001) emphasise that technology 
innovation can be disabling, debilitating and disempowering if not used effectively and 
cautiously. 
Emphasis on time-using, sensual goods 
From a business revenue perspective, the development of time-using and 
entertainment technology, before time-saving technology in the smart home, will be 
most profitable because it matches the history of adoption of goods in the home 
(section 2.2.1), in which time-using goods are much more quickly adopted than time- 
saving goods (Berg, 1994). It also follows that revenue is more likely, as products also 
have a rapid life cycle. This could be deemed as short sighted as it is estimated that 
half of the European population will be over 65 by 2010 (Eurostat, 2003) and that the 
provision of technologies for this population, to maintain independence, will be a 
potentially large market. 
Consumer acceptance 
Mozer (2005) suggests that smart homes have failed for two reasons. 
1. Home occupants are fairly satisfied with traditional home controls. 
2. The obstacle to understanding new interfaces is high: technology will be 
adopted only if the perceived return outweighs the effort required to understand 
the new technology. 
Based on the frequent smart home publicity and the growing smart home market 
already discussed, Mozer's (2005) claim that the smart home has failed can be 
20 
ri 
disputed. Rather, it is the futurologists' vision of the smart home that is not currently 
fulfilled. Nonetheless, the two reasons described above are limitations of the smart 
home and present challenges for the future. To overcome them, Mozer (2005) 
proposes that the potential buyers must be convinced of the benefits. Barlow and 
Gann (1998) stated that there has not been a mass of publicity around smart homes 
and that it is difficult for people to imagine their use of technology until they have 
experienced it. Media coverage has clearly grown since 1998 (section 2.3.1), but it 
remains that the home occupant may find it difficult to imagine the smart home. 
Equally the question remains, what constitutes a benefit worth buying into? In the 
`Home' supplement of the Sunday Times an illustration depicting the home is 
supplemented with the title, "in less than two decades these features will all be 
considered standard" (The Sunday Times, March 11th 2007). The article refers to the 
home having; a dedicated music room; intelligent windows; bigger, brighter television 
screens; sliding doors and walls; a refrigerator drop-off point; automatic lighting; and 
complete climate control. This technology, sold under the banner of `smart home 
technology', is very basic when compared to the sophisticated technology discussed in 
scientific literature, forecast by technologists (e. g. Weiser, 1991) and futurologists (e. g. 
Pearson, 2000). Added to the confusing and contradictory media coverage of the 
smart home, the consumer will find it difficult to perceive and be convinced of the 
benefits. Media articles referring to healthcare smart homes, with more obvious 
benefits of maintaining independence, are less prevalent. 
Oraee and Stone (2002) state that people don't utilise existing computer capabilities 
and that smart home networks will only be installed by 'tech no-fanatics', unless the 
`killer application' arrives. A killer application is a benefit that outweighs any costs. 
Poignantly, the `killer app" in the smart home is described by Neil Gershenfeld, 
Massachusetts Institute of Technology (MIT), as, the ability in "managing complexity, 
rather than any one new service" (Wagstaff, 2004). This refers to the complexity that 
the user faces when interacting and controlling the smart home, and when installing the 
smart home. The management of technology depends on a high level of technology 
sophistication. 
21 
2.3 Conclusions 
The technology in the home literature review concludes: 
History of technology in the home 
0 In Britain, home technology adoption is not as prevalent when the following 
factors are present: homes with a low national statistics socio-economic 
classification (NS-SEC), a low household weekly income, a smaller household 
type, and if the household is occupied by a lone-parent family (ONS, 2002). It 
is likely that up-take of the smart home will be affected by these factors. 
" Historically, technology in the home has been divided into two categories, time- 
using and time-saving goods. Time-using goods diffuse more quickly and 
independently of household income. Time-saving goods diffuse more slowly 
and are indicative of household income. The time-saving household-technology 
paradox indicates that time-saving goods do not save time. 
Today's consumer smart home 
9 The lack of a single smart home industry has led to many different business 
approaches to the smart home, two market traits exist: the small home 
healthcare applications market and the large `general applications' market. 
9 Following the trait of technology goods in the home, time-using technology 
dominates the growing smart home market and media coverage. However, it is 
likely that the smart home will eventually incorporate time-using, time-saving 
and healthcare technology, suggesting that the time-using/time-saving 
differentiation of home technology is not applicable to the smart home. 
" Today's smart homes are complex, but functions are mainly limited to time- 
using technology. Limitations of the smart home include, cost, technology 
sophistication, technology push and usability, an emphasis on time-using 
technology, and consumer acceptance. 
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Chapter 3: The future home 
3.1 The vision and application of the smart home 
Chapter two reflected on technology in the home hitherto, i. e. the smart home that is 
currently on the market for the consumer, and the limitations of this technology. The 
vision of the smart home is quite different from the technology available to the 
consumer now. The aspirational vision of the smart home, the potential adopter of the 
smart home, and the empirical research related to the smart home will now be 
discussed. 
3.1.1 Ubiquitous computing (Ubicomp) 
The academic literature referring to the smart home has been influenced by, what has 
been termed a landmark paper written by Weiser (1991) predicting, a new, third wave 
of computing that will, "invisibly enhance the world that already exists. " Hence, this 
`new wave' of computing was coined "Ubiquitous Computing. " It was predicted that, by 
creating a "Ubiquitous Computing Environment" in which "machines fit the human 
environment instead of forcing humans to enter theirs" and sensors will be embedded, 
unnoticeably within everything in the environment, the third wave will enable a world 
where "using a computer is as refreshing as taking a walk in the woods (Weiser, 
1991). " This was envisaged to solve the problems people experience with the personal 
computer: too complex and hard to use; too demanding of attention; too isolating from 
other people and activities; and too dominating as it colonises desktops and people's 
lives (Weiser et al., 1999). The key principle is that people interact with their 
environment naturally; yet, computational resources are continually monitoring and 
sensing to provide information and services to augment activities and the environment 
when and where desired. In Weiser's (1991) vision, he points out that, "the most 
profound technologies are those that disappear. " In this sense the technology may be 
physically visible, yet goes unnoticed because activity seems natural to the user. The 
smart home can be realised by the application of ubiquitous computing. 
Bell and Dourish (2007) recently pointed out that, the Weiser (1991) paper was 
referenced by almost one quarter of the papers published in the Ubicomp conference 
between 2001 and 2005! To date, the author of this thesis has not found any criticism 
24 
of Weiser's vision. However, many researchers in academic conference and journal 
articles have discussed and identified many technical5 and human-interaction 
challenges that need addressing before a ubiquitous computing environment will 
become a reality. Solutions do not necessarily accompany the challenges. 
It is important to note that, since Weiser (1991), many technology companies utilise 
their own terminology to describe technology that this author has included under the 
umbrella of ubiquitous computing. This terminology includes: `pervasive computing': 
IBM (Arc, 1999), `intelligent environments': Microsoft (Microsoft Research International 
Symposium on Intelligent Environments, 2006), 'ambient environments': Philips (Philips 
Research, What is ambient intelligence?, 2007), `smart home': Siemens (Pictures of 
the Future, 2005), amongst others. This diversity is also reflected in the academic 
literature, for example, Thackara (2001) uses the term "pervasive computing, " whilst 
Meyer and Rakotonirainy (2003) review "context aware homes. " For the purpose of 
this thesis, `ubiquitous computing' is preferred to describe the computing environment 
and the term `smart home' to describe the application of the associated technology 
within the home. 
Recently, researchers have suggested that we already live in a ubiquitous computing 
(ubicomp) world and that the question is why we failed to notice it, what we should do 
as a consequence, and that the only challenge remaining is to understand it (Bell and 
Dourish, 2007). Bell and Dourish (2007, pg. 142) propose two reasons for the existing 
ubicomp world having gone unnoticed, "the idea of seamless interoperation and 
homogeneity. " They go on to say that, "the ubicomp world was meant to be clean and 
orderly, it turns out instead to be a messy one. Rather than being invisible or 
unobtrusive, ubicomp devices are highly present, visible, and branded. " Indeed, 
Edwards and Grinter (2001) point out that a likely scenario is new technology being 
brought "piecemeal" into the home; as opposed to the purpose built smart homes. This 
supports Bell and Dourish's (2007) already existing ubicomp world, which has evolved 
as an unnoticed reality. Venkatesh et al. (2003) also supports Edwards and Grinter 
5 Although technical challenges require input from the social sciences (for example, to write an 
algorithm for technology to function based on human behaviour, the human behaviour must first 
be understood and reliably predictable) the specific technicalities (e. g. the challenges involved 
in writing such an algorithm or developing protocols for products to communicate) are out of 
scope of this project and will not be discussed in detail in this thesis. 
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(2001) describing an evolution of technology in the home. The finite vision of the smart 
home is certainly not yet present as will be seen in a review of the vision and 
applications of the smart home. 
3.1.2 Smart home hierarchy 
The hierarchy of smart homes (Table 3-1) is now discussed before examples of smart 
homes, that have been subject of research, are presented. The hierarchy differentiates 
specific smart home technological capabilities, and this in-turn dictates the apparent 
home intelligence. Five almost identical sub-categories of smart home are proposed 
by Aldrich (2003) and Randall (2003), based on three technological factors: the level of 
communication of information within and beyond the home; the system's ability to learn 
from the home occupant; and the sophistication of awareness of occupants and 
objects. This hierarchy is referenced by many academics in this field, e. g. Demiris et 
al. (2006) and Bierhof et al. (2007). The sixth sub-category is proposed by Intille 
(2002) and has been added to Table 3-1 by the author of this thesis. Although Intille 
(2002) published the capabilities of the sixth sub-category in the scientific literature 
prior to Aldrich (2003) and Randall (2003) it was not included specifically in their smart 
home hierarchy. Intille's (2002) smart home is included in the hierarchy because it is 
distinctly different and more sophisticated than the previous five sub-categories. 
Table 3-1: The hierarchy of smart home sub-categories, adapted from Aldrich (2003) 
and Randall (2003). 
Smart home hierarchy Capabilities Control of 
sub-categories actions 
1) Intelligent objects, 
in the home 
Stand alone objects function intelligently. Human 
2) Intelligent objects 
communicating, in 
the home 
Stand alone objects function intelligently, & exchange Human 
information with other home objects. 
3) Connected homes Interactive & remote control of systems provided by Human 
internal & external networks, services & information is 
also available, both from within & beyond the home, 
e. g. Randall (2003) & Sandström et al. (2003). 
4) Learning homes Home technology is controlled according to a Home 
database of inferences, based on the patterns of 
activity in the home, e. g. Mozer (1998; 2005). 
5) Attentive homes Home technology is controlled according to the Home 
inferences made from real time activity, the location of 
people & objects in the home, e. g. Kidd, et al., (1999). 
--------------------------------------------------------------------------------------------- -------------- 6) Teaching homes Suggestions for actions are made to the home Human 
occupant, based upon inferences from real time with home 
monitoring of people & objects (Intille, 2002). direction 
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The technology capabilities of the smart home hierarchy sub-categories 1-3, in Table 3- 
1, describe functionality that is already available today. Nevertheless, achieving 
technology to operate in the manner of connected homes (3) is not elementary but can 
be seen outside the `laboratory homes' (for an example see Randall, 2003). Technical 
capability for learning homes (4) is still at a research and development stage (for an 
example see Mozer, 1998 and 2005). However, the realization of technology required 
for attentive homes (5) is limited by modern technical sophistication, although 
researchers are developing methods to assess the capabilities (e. g. Kidd et al., 1999). 
The smart home empirical research is discussed in greater detail in section 3.3. 
In addition to the increasing sophistication of technology, the hierarchy of smart home 
levels directly relates to the amount of proactive behaviour the home occupant will 
need to maintain for the home to function, i. e. as the technology sophistication 
increases, the home will have the ability to carry out more activities. Aldrich (2003) 
believes that it is the handling of this control that increases the potential functionality in 
the smart home. Accordingly, the smart home system's ability to learn about occupant 
behaviour and the sophistication of real-time occupant awareness will rely upon 
increasingly complicated inferences and algorithms. 
In a paper identifying seven challenges to ubiquitous computing, Edwards and Grinter 
(2001, pg. 268) state, "systems that rely on inference will never be right all of the time, 
and thus users will necessarily have to have models of how the system arrives at its 
conclusions. " However, the complicated system inferences will become less 
transparent to the user, with the growing sophistication of a smart home. Nevertheless, 
the user's conceptual model, required to understand how the system arrives at a 
conclusion/action, will need to be far more complicated than existing home automated 
technology. Any automated or system actions must be accountable by the user in the 
future, in the same way that they are today (Belotti and Edwards, 2001). For example, 
currently in the home when it is cold, the ambient temperature will decrease to a point 
that causes a central heating thermostat to turn on the heating. In this case, the home 
occupant can understand why the heating has turned on. However, when an individual 
has influenza (a fever) for example, this may not be appropriate and the user may 
decide to alter the thermostat or turn off the system. In a smart home with a complex 
system carrying out actions based on complex inferences / algorithms, the reason for 
such a user action such as turning the heating on or off may not be so transparent. 
Another example of this in the smart home, is where the system keeps opening the 
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window, when the user wants them shut, the system may not understand this and the 
user will become frustrated (Intille, 2002). 
To avoid these conflicts, Intille (2002) suggested an alternative smart home sub- 
category that has the sophistication of attentive homes (5), but the home also 
unobtrusively suggests or teaches the occupant a new action or behaviour, as opposed 
to actually carrying out the function automatically. It is, therefore, proactive in informing 
the home occupant of what action it concludes should be carried out, without actually 
carrying out the activity. For example, the home may suggest turning off a light that is 
unnecessarily tuned on, to save energy, or offer to carry out the action of turning the 
light off for the user. Intille (2002) proposes four advantages of this: 
" The occupant can choose when to react to information that is presented (in a non- 
irritating manner) by being augmented onto the environment. 
9 The occupant is left in control of making decisions. When the home presents options 
based on inferences the occupant will naturally consider contexts that the home has 
not and adjust the actions accordingly. 
" If the system algorithm has only inferences to base decisions, a mistake will mean 
failure and the occupant will lose trust in the system. If the system algorithm only 
makes suggestions a mistake will not be a catastrophe. 
" The home occupant stays empowered, thus preventing the removal of choice and 
personal responsibility, which can lead to diminishing health (Rodin and Langer, 
1977, cited by Intille, 2002). 
Intille (2002) emphasises technology that will empower people rather than strip people 
of their sense of control and keep life mentally and physically challenging as people 
age. It is then important to understand ways to support the empowered user. 
The vision of a ubiquitous computing environment is a paradigmatic shift in the way 
that people interact with their home environment (Abowd and Mynatt, 2000). It is this 
paradigmatic shift in interaction and high technology sophistication that is conducive to 
a ubicomp vision of the future home. It is specifically only a paradigmatic shift in the 
way that we live in the home that constitutes a smart home, and this will only occur in 
homes with the technology sophistication of attentive homes (5) (Aldrich, 2003). 
Intille's (2002) teaching home has been placed, by the author of this thesis, at level six 
to extend Aldrich's (2003) and Randall's (2003) hierarchy of smart homes. The 
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technology for attentive homes (5) and teaching homes (6) are both an example of an 
ubicomp environment and display a paradigmatic shift in the home of today. Thus far, 
it can be said that a smart home is not currently available outside of the research 
laboratory. 
3.1.3 Examples of smart homes 
Smart homes in the scientific literature do not always describe a paradigmatic shift in 
the way that people interact with their environment; people may not want a 
paradigmatic shift in the way that they interact with their home (Mozer, 2005). In this 
sense, `smart home' is a semantic describing a plethora of homes differentiated by their 
technology capability and application. The smart home sub-category hierarchy (Table 
3-1) identifies a technology orientated description of smart homes. However, examples 
of smart homes in the literature can be divided into five broad visions of the smart 
home that include applications. The five smart homes are: the connected smart home, 
the health smart home, the adaptive smart home, the sustainable smart home, and the 
robot smart home. Unlike the smart home sub-category hierarchy, the smart homes 
may differ in their technology sophistication within their application. The division is not 
the same as the hierarchy of smart home sub-categories or the examples of today's 
smart home, which focus on entertainment and time-using technology (section 2.3). 
Some examples of the smart home can be placed in a number of these categories 
because their application is all-encompassing; other examples are specific to a single 
application. A division of these smart homes is useful to identify the range of proposed 
smart home applications and the potential for different smart home industries. These 
will be described and compared to the hierarchy of smart homes. 
The connected smart home 
In the Smart Home Foundation's `Design Guidelines for the Smart Home', a smart 
home is defined as, "A home or working environment, which includes the technology to 
allow for devices and systems to be controlled automatically" (Van Berlo, 1999). Since 
then, the Smart Home Foundation's definition of smart home technology has shifted 
emphasis to a `better quality of living', rather than the `control' of technology, "the 
integration of technology and services through home networking for a better quality of 
living" (Bierhof, et al., 2007). However, the first definition (Van Berlo, 1999) only 
describes technology that can `control' home devices and systems, and neither of the 
definitions describe smart technology that would enable the smart home to be `aware' 
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of the occupant. Sandström et al. (2003) and Laberg, Aspelund and Thygeson (2005) 
also describe very simple smart homes: a home with a collection of information 
communication technology (ICT). 
Bierhof et al. (2007), Demiris et al. (2006) Laberg et al. (2005), Sandström et al. (2003), 
and Van Berlo (1999) all describe smart homes with technology sophistication that can 
be implemented and are available to the consumer now, as an ICT smart home. This 
could lead us to believe that thousands of existing homes are smart homes. However, 
other definitions do not bring us to this conclusion, for an example see Aldrich (2003) 
presented in the adaptive smart home section below. 
The health smart home 
Bierhof et al. (2007), Laberg et al. (2005), Sandström et al. (2003), and Van Berlo 
(1999) all state that one of many benefits of smart technology in a home is prolonging 
independence in older age and improving well-being. Taking this one step further, 
Demiris et al. (2006) state that the aim of the development of the smart home is to 
meet the older adults' desire to remain living independently, and refers to the smart 
home solely in the context of home-healthcare, "a residency equipped with a set of 
advanced electronics and automated devices designed to enhance health care delivery 
and remote physiological monitoring of residents, to enable early identification of 
possible problems or emergency situations and to maximise residents' safety and 
overall well-being" (Demiris et al., 2006, pg. 45). Demiris et al. (2006) are specific in 
defining the sole purpose of the smart home and who the user group of the smart home 
are (residents that require health care), but again does not refer to technology with 
awareness sophistication. 
Söderlund (2004) found that telecare and tele-monitoring, smart home technology 
developed specifically to provide home health care, are not capable of providing the 
care required to assist with activities of daily living (ADL). Specifically concluding that 
physical production and human labour were essential for healthcare in the absence of 
`service robots'. Stip and Rialle (2005) in contrast, and in support of Demiris et al. 
(2006), concluded that current smart home technology (including telecare and tele- 
monitoring) can provide solutions for disabled persons with respect to care delivery, 
workload reduction and socialisation, and specifically stated help with tasks of daily 
living. It is clear that the reason for these contradictory findings, are the different 
medical and social requirements of smart home functions and the extremely diverse 
population that can be targeted to benefit from the smart home (Stip and Rialle, 2005). 
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For example, in this case, Stip and Rialle (2005) describe the smart homes as a 
`cognitive prosthesis' and in their paper specifically refer to individuals with cognitive 
deficits in schizophrenia, where as, Söderlund (2004) refers to individuals who have 
physical difficulty with ADLs. Other activities in the home differentiated from these 
ADLs that can potentially be aided by an augmented environment include independent 
activities of daily living (IADLs), e. g. managing a medication, and enhanced activities of 
daily living (EADLs), e. g. life long learning and leisure activities (Rogers and Mynatt, 
2003). 
From a medical point of view, when developing the smart home, Stip and Rialle (2005) 
suggest that the home should be considered in it's broader ecological sense, not just 
the inside of the house walls, this includes the neighbourhood, urban and rural areas 
that people engage in. This emphasis of considering the `users' whole environment, 
not just the home, coincides with the vision of ubicomp (Weiser, 1991). They also 
group into four categories, from a research point of view, the functional requirements of 
the smart home: 
1. Data collection: three sorts of data are collected: physiological and acimetric (a 
persons state of health), georeferential (a person's location) and environmental (the 
state of a living environment). 
2. Data analysis: the ability for immediate purpose of detecting critical situations or for 
the longer-term purpose of the pathology in question. 
3. Intervention: the living environment can intervene to provide support with specific 
tasks, to prevent dangerous situations, e. g. reminds the occupant to take 
medication. 
4. Evaluation: the smart home must make it possible to validate measures ecologically 
to account for daily functioning more accurately and to study the relation between 
functioning and cognitive performance. 
Category four is a result of Stip and Rialle's (2005) discussion of ecological validity of 
research in which they state that, "most daily activities require the combined effort of 
various cognitive functions and involve frequent changes in task. " They conclude that it 
is necessary to observe patients in a natural context, rather than the laboratory when 
an evaluation seeks to validate hypothesis underlying research programmes, examples 
given include the dimensions of medical (i. e. the impact on the technology on a 
patients rehabilitation), technological, economic, socio-ethical and legal. 
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Many of the publications on computing systems and older people have been criticized 
for being based on a priori assumptions that this technology will have a positive 
influence on the lives of the older population (Selwyn et al., 2003). In actual fact, 
Dickinson and Gregor (2006) argue that stronger claims and conclusions not attributed 
within the original primary research publication are drawn from research when they are 
referenced in secondary sources (publications that quote original research). They give 
three reasons related to the research design of the original research for this: training 
and support effects; misattribution (sic) of causality; inappropriate generalisation of 
results. This final point is particularly poignant in relation to technology, for example 
research conducted in the late 1990s in relation to older users internet experience, with 
self-selected participants, will be skewed because users will have been relatively early 
adopters of the technology (Dickinson and Gregor, 2006), and a minority 
representation of the population (Norman, 1999). However, Dickinson and Gregor 
(2006) reported what the studies do show from the research: appropriate training 
(human interaction) coupled with computer use has a positive effect on well-being; 
older adults will continue using computers after a study and support has been with 
drawn, although participants wishing to keep a computer in their home varies widely; 
within the time constraints of the studies, complete beginners and frail older people 
need considerable support and have not achieved independent computer use; the 
design of computer systems is not appropriate for frail older adults; higher levels of 
social connectivity predict computer use and the continuation of computer use, 
suggesting that computers are unlikely to reduce isolation but rather act as an 
additional means for those with existing social networks to stay in touch. Dickinson and 
Gregor (2000) conclude that despite qualitative findings that computer use leads to a 
self-perceived improvement in well-being by some older adults, hitherto there is no 
measurable evidence that this can be generalised to the population. They brought to 
attention the importance of appropriately interpreting research findings, to ensure 
technology is not introduced based on insufficient evidence and claims. 
The adaptive smart home 
Researchers, who investigate ubicomp in the home, aim to augment people's activities 
within the home without overwhelming it (Abowd and Mynatt, 2000; Rogers and Mynatt, 
2003). In fact, the vision of a ubiquitous computing environment is a paradigmatic shift 
in the way that people interact with their home environment (Abowd and Mynatt, 2000). 
It is this paradigmatic shift in interaction and high technology sophistication that are 
conducive to an ubicomp vision of the future home. 
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Aldrich's (2003) definition of the smart home incorporates the ubicomp vision by 
acknowledging the home's need for an awareness of the occupants and identifies 
areas for the application of smart technology: 
"A residence equipped with computing and information technology which 
anticipates and responds to the needs of the occupants, working to 
promote their comfort, convenience, security and entertainment through 
the management of technology within the home and connections to the 
world beyond" Aldrich (2003). 
Aldrich (2003) has identified four elements in this definition that challenge the 
development of this vision of the smart home. First, a home that "anticipates and 
responds to the needs of the occupants", must have a level of behaviour and occupant 
monitoring / awareness from which the system will make inferences. Technology 
awareness has privacy and trust issues that will have to be addressed. Second, the 
definition indicates that a smart home will promote, "comfort, convenience, security and 
entertainment" for the home occupant. The home occupant will vary within and 
between homes according to gender, age, wealth, physical ability, and cognitive ability, 
amongst many other factors. It is likely that the different home occupants will require a 
broad range of needs and requirements that smart home technology must satisfy. 
Third, "the management of the technology within the home" must be accessible and 
understandable to all potential home occupants. Finally, the definition describes a 
home that will have, "connections to the world beyond, " inferring that the home will 
communicate with systems outside the home walls, to exchange information and 
increase services and, potentially, functionality. Such technical capability will enable 
companies to offer services beyond those in the home today. A method of providing 
those services that suit the needs of the user must be established. 
Meyer and Rakotonirainy (2003), in a review of context aware homes (homes with 
smart technology that can formulate awareness of the occupant), report that the 
common scenarios forecast for the future home are often characterised by technology 
that: 
" is aware of it's own state and that of related systems, 
" is aware of the user's intentions, tasks and feelings, 
" can autonomously adapt its behaviour spontaneously on context changes. 
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Meyer and Rakotonirainy (2003) support Aldrich's (2003) home definition, "anticipating 
and responding to the occupant, " by stating that the home will be aware of "the user's 
intentions, tasks and feelings. " The visions of the smart home that incorporate the 
ubicomp vision (e. g. Aldrich, 2003; Meyer and Rakotonirainy, 2003) require a higher 
level of technology sophistication than the descriptions of the smart home that only 
envisage ICT within the home (e. g. Sandström et al., 2003; Laberg et al., 2005). This 
split is representative of what is available to the consumer now (ICT in the home), and 
what is still a vision of the future home and predominantly confined to the research 
laboratory (the ubicomp vision of the home). 
The sustainable smart home 
All discussions of the smart home place emphasis on increased technology 
sophistication in the home. On the contrary, Buys, Barnett, Miller and Bailey (2005) 
shift the main emphasis of the smart home to reducing a house's impact on the 
environment and stressing the efficient management of energy in the home: a 
sustainable smart home. Unlike smart home publications, the technology itself is not 
the focus of the `smart' in the `smart home', but the design of the building itself is 
considered `smart'. For example, providing energy efficiency through the provision of 
natural lighting and ventilation, and in the physical design, by promoting safety, comfort 
and liveability. Implicitly, this smart home requires a newly built home, to facilitate the 
`smart' building design. 
The robot smart home 
The definition of a robot is, "any automated machine programmed to perform specific 
mechanical functions in the manner of a human" (Collins Concise Dictionary, 1999, pg. 
1280), indicating that we already have robots in the home, for example, washing 
machines and dishwashers. However, Thrun (2004) describes robotics as a broad 
discipline, characterised by contrasting definitions and the three major robot categories 
that have been identified by the United Nations (U. N) survey of robots (U. N. and 
I. f. R. R, 2002). The categories are: industrial robots, professional service robots, and 
personal service robots. It is the personal robot that is envisaged for the home. In their 
evolution of technology in the home, Venkatesh et al. (2003) envisage the home 
incorporating `bio-tech home robots' in the forth and final evolutionary stage called 
`Human Substitution'. Robots will have human traits, perhaps more akin to science 
fiction androids, with the ability to perform tasks in place of the human, far beyond the 
capability of current home robots, i. e. the dish-washer. In this sense, robots, like 
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automation in the home, could certainly remove human empowerment. Gates (2007) 
in his paper titled `a robot in every home' also predicts that robots will become 
fundamental to the home, with examples of robots carrying out everyday home chores 
in the place of the occupant. He proposes a technology that will require full locomotion. 
Robots are not explicitly discussed within the smart home literature. The author of this 
thesis suggests that this could be due to the absence of explicit discussion in Weiser's 
(1991) vision of ubiquitous computing. More specifically, robots are not `hidden', on the 
contrary, robots are very visible in the form described by Venkatesh, et al. (2003) and 
Gates (2007). In addition, Human-Robot Interaction (HRI) research has only more 
recently received a growing amount of research attention in relation to personable 
ownership for the home. Despite this, it is believed that this vision should be 
incorporated in the vision of the smart home. If robots are incorporated in to the home 
a paradigmatic shift in the way we live will certainly occur. It is this paradigmatic shift in 
the way we live that is conducive to an Ubicomp vision of the future home and the 
smart home. Undoubtedly a robot will need to be supported by a larger and more 
typical vision of a smart home system to give the robot knowledge of the context that it 
will be working within. 
Already examples of personal service robots exist: robotic vacuum cleaners, lawn- 
mowers, receptionists, robot assistants to the elderly and people with disabilities, 
wheelchairs and toys (Thrun, 2004). An ethnographic study (N=17) of "elders" living 
independently in their homes using interviews and observations, found that personal 
service robots should allow "elders" to do as much as possible, by enabling them to 
initiate interactions with new technology (Forlizzi, DiSalvo and Gemperle, 2004). 
Indeed, the removal of choice and personal responsibility can lead to diminishing 
health (Rodin and Langer, 1977). However, in the case of a robot assisting in or 
completing a task that an individual finds difficult or impossible to complete without 
assistance, it is easy to imagine how robots could potentially be helpful and even 
become invaluable, i. e. a cognitive or physical impairment that affects the ability to 
complete Activities of Daily Living (ADL), e. g. to wash and dress. This brings about the 
question of whether or not a person, would like to interact with a robot; people will not 
possess special skills or training and there will be trust and privacy challenges to solve 
before a human will confidently interact with a robot. However, it has been shown that, 
when they have the characteristic of a human, humans will interact with computers 
naturally, as if they are social actors (Reeves and Nass, 1996). One could extrapolate 
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that interacting with a robot that possesses particular human characteristics could also 
be perceived as quite natural. 
3.1.4 Reflection: the vision and application of the smart home 
Scientific literature proposes that the smart home or an ubicomp environment in the 
home will form the basis of the future home. We do not yet live in an ubicomp world, 
visions of the future smart home are much more sophisticated than today's consumer 
smart home. However, the vision is slowly becoming a reality with increasingly 
sophisticated technology being brought piecemeal into the home. 
The hierarchy of smart homes provides an understanding of the different visions of the 
smart home, and different smart home technical capability. There is a vastly broad 
range of applications in the smart home literature, e. g. remote booking of shared 
facilities (Sandström et al., 2003), a cognitive prosthesis (Stip and Rialle, 2005), and 
locomotive robots undertaking home chores (Gates, 2007). Buys et al. (2005) even 
remove the emphasis from technology in the digital sense, to emphasising the smart 
home building design itself. 
This review of the academic literature has identified a common projected benefit: the 
importance of maintaining the occupant's well-being. This was not apparent in the 
review of today's consumer smart home where time-using technologies are 
predominantly emphasised (section 2.3). This could well be an onus placed on 
academic researchers from funding bodies; nonetheless, improved well-being and 
health technologies are almost omnipresent in academic smart home literature. 
Consequently, to incorporate all of these views it could be stated that the smart home 
is `a home that incorporates technology to improve the occupant's well-being'. 
However, this is not a useful definition, it does not clarify to the reader the extent of the 
home technology sophistication, the type, i. e. technology does not have to be powered 
by electricity (e. g. Buys et al., 2005), nor the function. 
In addition, unlike home technology to date (Section 2.2), the smart home as a product 
incorporates both time-using and time-saving capabilities in addition to health 
technologies. The smart home is a very complex product. Roda and Thomas (2006) 
suggest, with reference to attention aware systems in a wide sense (not just specifically 
to home systems), that one of the important elements of the research agenda is to 
achieve a more precise and shared understanding of the purpose that these systems 
should serve to benefit the users. 
36 
In the research, consideration for the home occupant is apparent. Nevertheless, it is 
still neither known whether people actually want the applications that have been 
proposed, nor whether people consider that these technologies will augment existing 
lifestyle. Seemingly, only computer scientists and futurologists' imagination limits the 
smart home literature forecasts; there is no limit to the potential of technology that has 
yet to be developed. Meyer and Rakotonirainy (2003) suggest that many more 
scenarios and applications will be discovered when people can experience first hand 
this level of smart technology sophistication. The question identified when comparing 
the teaching home (Intille, 2002) and the attentive home (Aldrich, 2003) is, how much 
control would people want to hand over to their home? Weiser (1991) proposes that 
neither an explication of ubicomp principles nor a list of technologies involved can give 
a sense of living in an ubicomp environment. Research techniques have contributed to 
an understanding of user needs and requirements in the home, in relation to home 
technology. The review of smart home empirical research will lead to an understanding 
of the success of research strategies that have been followed to understand the smart 
home and the smart home user to date (Section 3.3). 
3.2 The market for and adopter of the smart home 
The smart home is clearly complex with time-using, time-saving and health 
applications. Knowing the perceptions of the adopter of the smart home (the user) is 
imperative to establish the application for the smart home and the smart home market. 
Rogers' (1995 and 2003) Diffusion of Innovation Theory describes the process by 
which (1) an innovation (2) is communicated through certain channels (3) overtime (4) 
among the members of a social system. According to the theory this process is 
influenced by five attributes of an innovation and the five attributes are associated with 
a successful product (Solomon, Bamossy and Askegaard, 1998 and 2006). The five 
attributes are: 
1. Relative advantage: the degree to which an innovation is perceived as better and 
provides greater benefits than the idea it supersedes. 
2. Compatibility: the degree to which an innovation is perceived to match the potential 
adopter's existing values, self image, needs and requirements. 
3. Complexity: the degree to which an innovation is perceived as difficult to 
understand and use (simple and understood products diffuse more quickly). 
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4. Trialability: the degree to which an innovation can be experimented with, on a 
limited basis (to asses benefits and diminish the personal risks). 
5. Observability: the degree to which the benefit of the usage of an innovation is 
transparent to others (if an advantage is clear cut it will diffuse more quickly) 
The aetiology of the successful diffusion of new innovations, i. e. the smart home, is 
influenced by the presence of these five attributes and can help to explain the different 
rates of innovation adoption (Rogers, 1995 and 2003). These attributes are now 
discussed to propose the requirements for a successful smart home, before 
considering what is known about the adopter of the smart home and the smart home 
market. 
Sandström et al. (2003) used the five attributes to benchmark and evaluate an ICT 
smart home as consumer technology. Eleven households (N=1 7,9 males, 8 females) 
took part in the pre- and post occupancy evaluation of ICT functions, for which two 
interviews were conducted, the first prior to moving into the home as an `expectation 
interview', and after two months as an `experience interview'. 
In this study, the relative advantages of the ICT functions were considered difficult to 
envisage despite the technology being considered compatible with the lifestyles of the 
participants. There was no need for daily use of the functionality, and many operations 
worked in the `background', e. g. booking a laundry room is a weekly activity and was 
not needed by the majority of participants because they had a washing machine of their 
own, and the home safety alarm functions worked automatically. One household did 
not use any functionality of the home network. Trialability, that can be a cause of 
technology not being adopted when it cannot be trialled, was not the cause of the lack 
of use because the ICT functionality was installed in all homes prior to the purchase of 
the properties, at no extra cost to the buyer (participant). 
The observability of the benefits of the ICT home network was difficult to test because 
the product is based in the home, not in a shop. Participants themselves did not even 
need to manipulate the functions directly, and after a short time, Sandström et al., 
(2003) suggested that occupants were not conscious of them. The home network 
hardware was not characterised as `user friendly', however the home software was 
described as very good. It seems that complexity did not cause the lack of use; rather 
the functionality was not required! It was concluded from their work that the relative 
advantage of the smart home is difficult to perceive. Surprisingly, they reported that 
the most appreciated functions were those of `time-saving' such as a broadband 
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connection, the (facilities) booking system and the safety and security functions. This 
is questioned by the author of this thesis for two reasons; first, as discussed in section 
2.2, time-using goods historically diffuse more quickly than time-saving goods so this 
finding would be an exception and of interest. However, the booking facility is the only 
function considered to be time-saving; the broadband connection can be considered to 
be time-using, whilst neither safety nor security fall into either category. 
Solomon, et al. (1998) describe Rogers' five attributes as prerequisites for the 
successful adoption of a new product. Sandström et al. 's, (2003) study has shown that 
the relative advantage of the technology was difficult to envisage despite the 
technology being compatible with the participants' lifestyle. The system was not 
considered complex and trialability and observability were not an issue. The reason 
that the system was not used is the lack of need for the technology. 
With the forecast for technology sophistication and sales to continue to grow, the 
diffusion of smart home technology will increase. Rogers (1995 and 2003, pg. 14) 
discusses technology clusters as, "one or more distinguishable elements of technology 
that are perceived as being closely interrelated. " This suggests that technology 
innovations that diffuse at the same time in a social system are related. Therefore, the 
adopters' experiences of one innovation will influence the diffusion of the next. In the 
case of the smart home, we could predict that a positive experience with existing 
innovations will positively influence the perception of smart home technology, e. g. 
mobile telephones and wireless Internet connectivity. However, Sandström et al. 's, 
(2003) study shows that, despite the availability of advanced technology, if the 
technology function does not match the user requirements the technology will become 
redundant. 
3.2.1 The adopter of the smart home 
Solomon, et al. (1998) propose that Rogers' (1995) five attributes, that help to explain 
the different rates of innovation adoption, are prerequisites for the successful adoption 
of a new product. Sandström et al. (2003) found that an ICT smart home did not satisfy 
these attributes, although it was considered easy to use, the system was not required 
because the functionality was redundant. To even consider investing in smart home 
technology, Rogers' (1995) five attributes indicate that the perceived advantages must 
be obvious and compatible to the consumer, and outweigh any perceived compromise 
due to complexity in use and difficulty in trialability. The compatibility attribute 
specifically proposes that the adoption of an innovation invariably depends on the 
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existing values, self-image, needs and requirements of the individual, i. e. the adopter of 
the smart home. The adopter market for smart home technology will now be 
discussed. 
Pragnell et al. (2000) tried to identify the market for smart home technology and 
revealed a largely positive but mixed opinion of the benefits. This survey of 1000 
households examined consumers' attitudes and interests towards the smart home 
concept. The results suggested consumers fall into one of three groups in terms of 
their attitudes towards smart home technology (Table 3-2). 
The high-income trait of Pragnell et al. 's `interested group' matches the existing smart 
home market (see section 2.3). Currently, this very broad group is interested in the 
time-using technologies rather than time-saving technology. The relatively young age 
of this group may explain why they did not express an interest in healthcare 
technology. It has been stated that nobody truly knows what it will be like to live in a 
smart home until they can be lived in (Meyer and Rakotonirainy, 2003; Weiser, 1991). 
The `ambivalent group' support this view, suggesting that consumers find it difficult to 
perceive living within a smart home. A limitation of Pragnell et al. 's (2000) study is that 
it was a questionnaire survey and therefore did not allow participants the opportunity to 
ask questions about the technology, to clarify an ambiguity. The `uninterested group' 
are more likely to be over 55. This is surprising as the academic visions of the smart 
home unanimously place benefits and emphasis on health care technologies to 
maintain independence in old age (e. g., Bierhof et al., 2007; Demiris et al., 2006; 
Laberg et al., 2005; Sandström et al., 2003; and Van Berlo, 1999). This finding could 
be due to the limitation in the questionnaire survey, i. e. it is not clear whether the 
survey included questions relating to health technology but without the opportunity to 
Table 3-2: Consumer groups for smart home technology (Pragnell et al., 2000). 
Group Consumers 
The interested Males, 15-34 years of age; family households; those with pay TV 
and home entertainment systems; those with PCs and/or Internet 
access; those on higher incomes; those with positive attitudes 
about new technology 
The ambivalent Well-represented across all groups in the population, marginally 
more likely to be older and on medium/low incomes 
The uninterested Most likely to be aged 55 and over; households without children; 
households without PCs, Pay TV or home entertainment 
systems, those with negative attitudes towards new technology 
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ask for clarification, participants may not have understood smart home technology 
capabilities. 
Rogers (1995 and 2003) specifies five adopter categories that differentiate the 
innovativeness of individuals and their relative speed of innovation adoption, they are 
innovators, early adopters, early majority, late majority and laggards. The rate of 
adoption of an innovation is dictated by these adopter categories. Although they are 
simplified, Norman (1999) uses Rogers' (1995 and 2003) adopter categories to 
describe the five sets of customers for technology. Norman's (1999) five sets of 
customers for technology are described below, with Rogers' (1995 and 2003) terms in 
brackets: 
1 Technology enthusiasts (Innovators) 
Risk takers who see the potential for a technology and are happy that the benefits 
will outweigh any difficulties that they may face. 
2 Visionaries (Early adopters) 
People who buy because they are in love with technology, those who want to be 
on the leading edge, tempted to buy through feature lists and technology claims. 
3 Pragmatists (Early majority) 
Those people who take a more realistic view of the world. They will learn from the 
experiences of the early adopters and for the technology to stabilise, before 
buying. 
4 Conservatives (Late majority) 
The majority of people are within this group and group (3) who demand value for 
money and products that offer reliability, ease of use and convenience. This 
market demand proven products that will simplify lives, not complicated 
technology. 
5 Sceptics (Laggards) 
Until a product becomes a necessity, this group may not take a new product at all. 
People in this group may not perceive the benefits of a technology easily or wish to 
change from existing products. 
Pragnell et al. 's (2000) consumer groups could be mapped onto these five-adopter 
categories: the interested, the ambivalent and the uninterested in this context are 
synonyms for the enthusiast, the pragmatist and the sceptic. Unlike Pragnell et al. 
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(2000), the five-adopter categories (Rogers, 1995 and 2003) neither differentiate by 
age nor home composition. However, as described in chapter one, the 2002 General 
Household Survey shows that home technology adoption varies depending on the 
National Statistics Socio-Economic Classification (NS-SEC), the household weekly 
income, household type (size) and if the household is occupied by a lone-parent family 
(ONS, 2002). In addition, the two attributes, perceived compatibility and perceived 
complexity, deemed prerequisites for the successful adoption of a new product 
(Solomon, et al., 2006), will vary according to an individual's values, technical 
sophistication and experience. 
When consumer technologies have a complicated and evolving nature, like the smart 
home, the trajectory and time scale of diffusion can be quite prolonged (Shih and 
Venkatesh, 2004). When this is the case, diffusion of innovation researchers have 
stated that in addition to innovation adoption research (i. e. Rogers, 1995 and 2003), it 
is necessary to study the degree of use of technology or Use-Diffusion (UD) processes 
because, it "describes the extent of diffusion of that innovation" (Robertson and 
Gatignon, 1986, pg. 3). Like Pragnell et al. (2000), UD research of home technologies 
(Shih and Venkatesh, 2004) propose adopter categories that are analogous to the 
adopter categories proposed by Rogers (1995 and 2003). They are intense users, 
specialised users, non-specialised users and limited users; these categories are based 
on the criteria, variety of use and rate of use of a technology. These categories vary on 
the social context and technology makeup of the household, personal factors and 
external influences (Shih and Venkatesh, 2004). However, the categories are not 
intended to pigeonhole the population. Instead, it is proposed individuals move through 
the categories over time, i. e. an adopter's demand of an innovation will change over 
time. Indeed, Norman's (1999) five sets of customers and Rogers (1995 and 2003) five 
innovation adopter categories describe the process by which an innovation diffuses 
within the population over time (this is illustrated in Figure 3-1), unlike Pragnell et al. 's 
(2000) smart home consumer groups, which is a limited description of the consumer 
because it only illustrates the market at one point in time. 
Norman (1999) describes the process of technology being adopted by the early 
majority as the `transition point when technology satisfies basic needs' (Figure 3-1). 
This is the point at which a technology company must change its approach from being 
technology driven to customer driven. The transition of satisfying basic needs is the 
point at which technology is no longer driven by the needs of the technically 
sophisticated, but the needs of the majority. To capture the early and late majority, 
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i Product 
performance 
Transition point 
where technology 
satisfies 
basic needs 
Level of 
performance 
required by ---- 
users 
Unfilled need 
Technology 
dominates 
High technology 
Consumers want 
more technology, 
better performance 
Relative % 
of 
customers 
Innovators, 
technology 
enthusiasts 
Consumer commodity 
Consumers want 
convenience, 
reliability, low cost ... 
Early 
adopters, Early 
visionaries majority Late majority 
pragmatists conservatives 
Customers want 
technology 
and performance 
Customers want 
solutions 
and convenience 
Figure 3-1: The change from technology-driven products to customer-driven, 
human-centred ones (Norman, 1999, pg. 35). 
companies typically continue with a technology drive, adding functionality to capture 
the large market, this is termed `creeping featurism' and actually complicates the use of 
a product. The early and late majority market is different, they are not the technological 
sophisticated, and require products that provide convenience, good user experience 
and value, by orientating the development of the product around the user, in a user- 
centred design process. It seems that smart home technology has not yet made the 
transition from a product for early adopters to the early and late majority. 
To complicate the smart home market further, Aldrich (2003) suggests that there are 
two distinct market groups for the smart home, the "niche market" (specialist market) 
and the "generic market" (the population as a whole). The niche market refers to the 
needs of older and disabled people and will necessitate smart technology that will 
provide practical support and health care. Aldrich (2003) considers that this will not 
`take-off' unless the cost benefits of such provisions can be established. The generic 
market is perceived to demand products with a "must have" quality (time-using goods), 
Excess technology. 
Most customers not 
interested in this region 
Technology is °good enough" 
and therefore irrelevant. 
User experience dominates. 
Time 
Laggards, 
skeptics 
- 
Time 
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supported by the current trend of the consumer smart home and the quicker diffusion of 
time-using over time-saving goods in the home (Bowden and Offers, 1994; Berg, 
1994). Rogers' (1995) and Norman's (1999) five sets of adopters of technology will 
exist within these two markets. 
3.2.2 Reflection: the adopter and the smart home 
The diffusion of innovation attributes of a product suggest that the smart home is a 
difficult product to predict success in the market place, the main factor being the 
adopter. To even consider investing in smart technology, the perceived advantages 
must be obvious and compatible to the consumer and outweigh any perceived 
compromises of complexity and the difficulty in trialability. However, the efficacy of the 
health smart home in comparison to time-using and time-saving smart home 
technology would lead one to expect, in the case of the health smart home, that the 
consumer will perceive the benefits to outweigh any compromise. Based on the vision 
of the smart home and the existing limitations, Rogers' (1995) five attributes of the 
diffusion of innovation can be applied to the smart home: 
1. The relative advantage of the smart home may be difficult to perceive. Benefits 
must outweigh anticipated costs and complexity. The smart home does not only 
offer new functionality and benefits, but also new and possibly unfamiliar 
interaction paradigms that will create a paradigmatic shift in the way people live. 
2. The compatibility of the smart home will depend on the values of the adopter 
and their perceptions of the technology. 
3. The perceived complexity of the smart home will depend on the whole system 
performance, not just single aspects of it. 
4. Trialability of the smart home is difficult to perceive because the vision of the 
smart home is a paradigmatic change in the home and requires technology built 
into it. 
5. Observability is also difficult to perceive because it requires an experience within 
a home. However, the smart home does receive publicity in the press, although, 
as described in section 2.1, this publicity is mixed. 
In judging that a product is successful when it has reached adoption by a critical mass 
of the population, it could be concluded that the smart home will not be successful. 
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The attributes are not considered to be interdependent however, for example the 
adopter perceived relative advantage of a technology might outweigh the adopter 
perceived complexity. This compromise depends on who is adopting the technology 
and its functionality. For example, one would expect the consumer to perceive the 
efficacy and benefits of tele-healthcare technology, in comparison to time-using and 
time-saving technology, to outweigh both costs and any compromise, regardless of 
components of compatibility, e. g. self-image. Nonetheless, if the functions of a 
technology do not match the user need, the technology is redundant. 
Due to the complexity of the smart home as a product, specific predictions of the smart 
home adopter are neither unanimous nor conclusive; the whole population should be 
included in any user-driven research to be more successful as a product, and to move 
beyond Rogers's (1995) 'early adopter'. Pragnell et al. (2000) emphasise that 
predictions regarding the smart home adopter are highly uncertain. Pragnell et al. 
(2000) suggests that the most likely uninterested group will be the over 55s, whereas 
Aldrich (2003) makes a clear distinction between the "niche market" (specialist market 
that is made up of people aged over 55) and the "generic market" (the population as a 
whole). Rogers (1995 and 2003) and Norman's (1999) adopter categories are not 
differentiated by age but will be present in both of Aldrich's (2003) markets. The 
benefits of smart home technology to the older 65s age group are clear: older people 
welcome the opportunity to live independently, and the government will make large 
savings if it were possible for everyone to live independently (Barlow and Gann, 1998). 
Half of the European population are estimated to be over 65 by 2010 (Eurostat, 2003), 
leading to Pragnell et al. 's (2000) 'niche' group being a very large market. To move 
beyond the current state of today's smart home adoption, the market urgently needs to 
be user driven. 
3.3 Smart home technology empirical research 
The household / technology relationship was identified as creating `a new age of 
complexity' over twenty years ago, with the growth of technology in the home 
(Venkatesh, 1985). However, the majority of areas of technology research continued 
to emphasise the work environment and orientation, for example. Computer Supported 
Co-operative Work (CSCW). CSCW is a discipline that over the last 20 years has 
aimed to make information technology systems in the workplace a success by 
understanding the activities people wish to carry out, and how systems fit in to support 
individuals, groups and organisations as a whole (Preece et al., 1994). It would be 
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easy to take CSCW findings and apply them to the design of new home technology as 
the technology migrates from the work place to the home. 
Few researchers investigated the household / technology relationship until 1999 when 
the home was established as a focus for technology research. In the CoBuild 1999 
workshop paper, cited by Aldrich (2003) as a landmark paper, "The Importance of 
Homes in Technology Research", Hindus (1999) pointed out the void of interest in what 
she deemed a most important area for technology research: the home. The key point 
of the paper was to identify the home as a legitimate research area that requires 
specific methods applicable to the home environment. Hindus (1999) argued for the 
importance of home-related research in technology for three reasons: the vast amount 
of technology already in the home, the obvious economic potential, and the prospect of 
improving the lives of millions of people. However, she argues that the home is 
fundamentally different from workplaces; this must be accounted for when developing 
technology for the home by researching in the home. The main reasons being: homes 
are not built or designed to accommodate technology; behaviours such as home 
buying behaviour are different from work, for example, purchases are based on 
aesthetics, fashion and self-image in addition to practical considerations of cost and 
efficiency; and that family structure is not an organisation, rather it is complex. In 
addition, offices are task orientated, whereas homes are unstructured and people 
decide independently how, when and where they want to organise their time and 
activities (Meyer and Rakotonirainy, 2003). 
Hindus (1999) suggested that there are a number of issues in relation to obtaining 
meaningful consumer input and feedback for research consideration, these include: 
1 Obtaining consumer input. The social norms of being a guest in someone's home 
are contradictory to the inquisitiveness necessary to gather rich data. 
2 Designing for homes. Existing methods of design are not sufficient for home 
technology without the benefit of techniques and methods to capture rich data 
about home behaviour. 
3 Conducting participant-observer-designer studies. Informed consent and 
intellectual property has to be complete yet not intimidating. When the researcher 
is also a participant the work-home boundary becomes blurred and learning about 
one's colleagues' home behaviour is not necessarily a positive consequence 
(many of the home technology research study participants were researchers 
themselves). 
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4 Situating the research. Should the research be conducted in a laboratory or in the 
home? 
5 Extending the research to real-world residences. Conducting and applying 
research in real homes was not considered straight forward, for example, 20% of 
American homes are multi-family units (MDUs) and technology will have to cope 
with additional complexity. 
In support of Hindus (1999), as part of a special edition journal, Harper (2000) also 
discussed the need for home research by specifying the need for investigation into 
human behaviour patterns in the domestic setting, to supplement traditional technology 
models that determine the design and role of technology. Emphasis is thus placed on 
`real world research' in the home, despite the difficulty of research in this naturalistic 
context (Hindus, 1999). 
Sociologists have traditionally used ethnomethodologically informed research 
techniques to capture information within the home. These methods are designed to 
minimise observer bias and the Hawthorne effect that may produce a change in user 
behaviour. This integration of the social sciences methods within design is described 
as relatively new, despite design companies having used such techniques since the 
early 1980s (Sanders, 2002). Harper (2000), himself a professor of socio-digital 
systems, went on to discuss that sociological research, although interesting in its own 
right, is not necessarily sufficient to make design reasoning effective, and that 
approaches within ergonomics, human factors and human computer interaction (HCI) 
may be more appropriate, because they are concerned with how the human fits into the 
system, in this case smart home technology. However, in a similar way to sociological 
methods, Harper suggests that in the case of domestic technologies, even these 
disciplines have not had the influence that one might expect. Reasons suggested for 
this include: 
" The manufacturers are not in a position to fully commit to the requisite experimental 
approaches espoused to by these disciplines; 
" The information tends to be used at the end of the design process; 
" The domestic technology market may be driven by perceptions of consumer want, 
rather than what might be considered usable; 
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" Any supplementary naturalistic descriptions increasingly borrowed from sociology 
are not rich enough to offer the detail required for design, as suggested by Hindus 
(1999). 
Harper (2000) concludes that the "big thinkers in the area, " one of whom is Donald 
Norman, suggest bringing disciplines together despite their different practical and 
ontological assumptions, e. g. sociology, ergonomics, human factors and HCI. It is 
proposed that it is the incongruence of perspectives that will generate a juxtaposition of 
views that will lead to new insights into usability (Norman, 1998, cited by Harper, 2000). 
Since Hindus (1999) and Harper (2000), home-orientated technology research has 
received an increasing amount of interest by researchers from a broad range of 
academic disciplines. Some of the research findings and whether home-orientated 
technology research has overcome the problems identified by Hindus (1999) and 
Harper (2000), and the challenges that remain will now be discussed; the new research 
methods for technology research in the home will be discussed specifically in chapter 
3. 
3.3.1 Contexts for home technology research 
Empirical research has generally been conducted in one of three areas: (i) independent 
of the home (IH), (ii) in real homes (RH), or (iii) in laboratory homes (LH). Table 3-3 
summarises the findings from key research papers in these areas. Some studies have 
already been presented in this thesis; the remainder of the studies will now also be 
briefly discussed. 
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3.3.2 Technology research, independent of the home (IH) 
Technology research carried out independently of the home refers to research where 
the home can be the subject of research focus but neither the physical context nor an 
integral part of the data collection method. It can be seen in Table 3-3 that researchers 
use methods such as questionnaire surveys, scenarios, interviews and focus groups in 
an attempt to gauge an understanding of user perceptions and desires towards the 
smart home and ubicomp applications. In addition, a broad range of participants have 
been subject to investigation. A major criticism of this approach to research is that it is 
impossible to predict, without first-hand experience, what it will be like to live in an 
ubicomp environment such as the smart home (Meyer and Rakotonirainy, 2003; 
Weiser, 1991). 
Research conducted independently of the home presents mainly positive attitudes 
towards smart home technology, in spite of a broad range of research methods and 
age of research study samples. Demiris et al. (2004) conducted three focus groups 
(N=15) with seniors (aged 65+) to explore the perceptions of technology and ways in 
which it could improve their lives. Eleven specific, predominant and beneficial 
categories of technology were found, they are: emergency help, assistance with 
hearing and visual impairments, prevention and detection of falls, temperature 
monitoring, automatic lighting, monitoring of physiological parameters, stove and over 
safety control, property security, intruder alarm, a reminder system, and advice on 
adverse drug events and contraindications. The majority of these categories are 
related to maintaining and monitoring health, five related concerns were voiced, 
including: privacy violation, a lack of human responders, user-friendliness of the control 
devices and the need for training tailored to older learners. Kow and Helander (2005) 
support Demiris et al. 's positive perception of technology but their findings differ 
nonetheless. Demiris et al. 's (2004) quite specific categories fall under or within Kow 
and Helander's (2005) higher-level functionalities for the smart home. Following in- 
depth interviews with older participants (N=16, aged 55-90), Kow and Helander (2005) 
found seven major functions for the smart home: health, mobility, outdoor activities, 
housework, communication, safety and mental activities. These functions describe 
areas of application for smart home technology whist Demiris et al. 's (2004) findings 
provide more specific uses. Surprisingly, neither Demiris et al. 's (2004) nor Kow and 
Helander (2005) found an explicit requirement for time-using technology, rather, health 
related technologies to maintain independence and time-saving chores, this could be 
attributed to the age of the participants who, in both studies, were all aged over fifty. 
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Taking a different research approach, Heidman et al. (2003) followed a UCD method to 
develop (N=6) and test (N=10) the usefulness of a prototype smart home system with 
`dual career family households'. These participants were younger than `seniors' but no 
specific age range was given. Findings indicate that the home is a private domain and 
the smart home must support emotional needs in addition to a person's physical and 
cognitive needs, e. g. the ability to relax. However, the participants were unsure as to 
how useful or functionally capable they would want the smart home, but stressed the 
importance of the person being in control of any system. 
Heidman et al. 's (2003) findings are quite different from Demiris et al. 's (2004) and Kow 
and Helander (2005) who found specific areas of smart home technology application, 
but are similar to Gustafsson et al. 's (2003). Using a constructionist Grounded Theory 
approach, Gustafsson et al. (2003) interviewed 25 young IT users (aged 18-25), to 
investigate the experience, attitudes, and health beliefs of IT use in the future; these 
findings can be abstracted to the smart home. The young participants expressed 
unlimited opportunities in connection with IT but also both opportunity and risks 
associated with IT and Quality of Life (QoL), health and education. They stated that 
feelings of freedom and being efficient were countered by feelings of restrictions on 
living space and of intangibility. Conversely, in a questionnaire survey of computer use 
(N=222) in older adults (age 55-88), Karavidas et al. (2005), found that computer use 
increased life satisfaction. Findings also showed that a gender gap exists, with 
females reporting more anxiety towards computer use and less computer knowledge. 
This gender difference was found despite the majority of participants being familiar with 
computers and members of computer clubs; indicating that this perception of the 
computer may have a bearing on the perception of the smart home. 
Interestingly, Pheng and Nguan (2004) carried out a questionnaire survey gap analysis 
with homeowners (N=30) and home developers (N=30). Discrepancies were found 
between homeowner's expectations and home developers perceptions of homeowner's 
expectations of smart home technology. Homeowners did like the home features, but 
suggested that home developers must reallocate resources to satisfy the buyer, and 
identified improvements to the development team with regard to the use of information 
regarding the homebuyer needs. 
When no one represents the end user Pheng and Nguan (2004) would report that 
home developers are likely to make errors in what they expect the homeowner to 
perceive. However, in the case of people with specific disability and needs, it may be 
deemed impossible to consult the end user directly to capture user requirements. 
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Orpwood et al. (2005) and Demiris et al. (2006) modified standard user led design 
approaches by referring to personal and professional carers and subject experts. To 
support subsequent design activities by gaining an understanding of the problems 
faced by people with dementia, Orpwood et al. (2005) held many discussions and 
focus groups for a team of designers to consult and interact with personal and 
professional carers of people with dementia. A formal survey of personal carers of 
people with dementia was also carried out, to ensure designers would not rely on 
anecdotal information gained in the discussion sessions. The findings stressed the 
need for designers to work with personal carers of people with dementia but for 
designers to almost expect unpredicted responses to designs. Similarly, Demiris et al. 
(2006) assessed the use of specific smart home devices for older adults to maintain 
living independently in four focus groups (N=12), with experts in the clinical delivery of 
care and smart home device developers, e. g. social workers, health psychologists, 
engineers and computer scientists. Findings support a need for interdisciplinary teams 
to determine smart home features that are ethical and useful from a clinical 
perspective, and from a development perspective: technically feasible, sustainable and 
cost-effective. Orpwood et at. (2005) brought to the attention of the designer the 
complexity and difficulty in designing smart home technology for people who have 
dementia. Equally Demiris et al. (2006) provide an example of an interdisciplinary 
team sharing expert knowledge of the user to design a smart home system, to provide 
user information within the design process. Ordinarily this information could be difficult 
or impossible to capture. In addition to stressing the challenge and complexity that the 
designer will face in the development of the smart home for the senior population, 
through their innovative methods, Demiris et at. (2006) and Orpwood et at. (2005) have 
provided evidence for the importance of the user being at the centre of the smart home 
design process and, importantly, how to capture the needs of the senior population, 
irrespective of disability.. This is contrary to a technologically deterministic approach 
(Rogers, 2003). 
Research methods differ and no two age groups have been investigated with the same 
research method, causing difficulty when comparing research directly. Indeed, the 
majority of research being carried out is with participants aged older than 55, and the 
majority of these findings report positive attitudes towards technology that will maintain 
independence; this supports the envisaged and anticipated benefits of home 
technology. 
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3.3.3 Technology research, real homes (RH) 
The second approach involves research within real homes, as opposed to laboratory 
homes specifically built for research purposes. Such research has a number of 
different goals, including: to gain insight into, and an understanding of domestic 
patterns and routines (e. g. Crabtree et al., 2003; Crabtree and Rodden, 2004; Hughes 
et al., 2000; Koskinen et al., 2006; O'Brien and Rodden, 1997; Rodden, et al., 2004; 
Taylor et al., 2006; Tolmie et al., 2002); social communication devices (Hindus et al., 
2001), to gain an understanding of existing technology use, that is already 
implemented in the home (Venkatesh, 2001); to evaluate new technology, once it has 
been implemented into new homes (e. g. Junestrand and Keijer, 2000; Sandström et 
al., 2003). The knowledge gained from these studies has been used to identify design 
challenges, and to seek prime sites for the deployment and the development of new 
home technology (e. g. Crabtree et al., 2003; Crabtree and Rodden, 2004; Hughes et 
al., 2000; O'Brien and Rodden, 1997); to develop new technology prototypes, for 
further investigation and evaluation in the home (e. g. Hindus et al., 2001; Koskinen et 
al., 2006; Taylor et al., 2006); and to produce specific guidance to understand the 
interactions between home occupants and the home, for the development of smart 
home and tele-healthcare technology (e. g. assistive robots; Forlizzi et al., 2004). 
With the exception of Junestrand and Keijer (2000) and Sandström et al. (2003), this 
research can be described as ethnographic research, employing data collection over a 
number of visits to the same home and utilising a number of research methods aimed 
at collecting in-depth rich data (e. g. interviews, video observations and `in situ in vivo' 
observations). This ethnographic research is wholly user centred because the 
emphasis is placed on the home occupant, learning from the behaviour in the home 
and supporting the design of home technologies. This rich data collection is an 
obvious difference between real home, ethnographic research and research carried out 
independent of the home. Another difference is the sample; an older majority of 
participants make up the sample in the research carried out independently of the home, 
the emphasis being that the technology will maintain independence in older age, 
matching the academic emphasis and vision of the smart home (section 2.5). The real 
home and ethnographic studies tend to include family homes where both adults and 
children are present, because researchers are interested in the interactions and 
communication between individuals, and individuals and their home. 
The Casablanca project (Hindus et al., 2001) explored social communication devices 
within the home. Findings of this research included both recommendations for 
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research in the home, that social communication is a suitable research topic, designers 
should express just enough meaning, not too much, and (pertinent to research in this 
area) an emphasis that technology should not add to existing social obligations and 
therefore becoming stressors; it is important to enhance existing behaviours but not 
burden them. These recommendations although important, do not provide the 
designer of home technology with specific details to support design alone, not atypical 
of research in this area. In a similar fashion to Hindus et al. (2001), Hutchinson, et al 
(2003) implemented `technology probes' into family home in the United States (N=3 
households), Sweden (N=2 households) and France (N=2 households), describing 
technology design for and with families. Hutchinson et al (2003) felt that the 
technology probes were useful in three ways. First, following implementation and time 
spent with the probes, families revealed playful desires in addition to practical needs. 
Secondly, families provided real-life scenarios that motivated discussion in interviews 
and workshops and thirdly, the families provided a reflection on new embodiments of 
technology, beyond the personal computer. However, in neither of these cases did the 
participants actually contribute to the original design of the technology probes or 
prototypes. Hindus et al. (2001) installed the prototypes in three researcher's homes, 
people who are not typical of the majority of the population, being technologically 
proficient and researchers; the latter phases of the work were carried out with real 
people, however. Hutchinson et al. 's (2003) technology probes were developed on the 
basis of previous research, the focus of the work, however, was to learn whether the 
use of technology probes could inspire more constructive interviews and design 
workshops, for which, they were successful. It would have been interesting if the 
researchers had involved users in the development of the prototypes. 
Since Harper (2000), Crabtree and Rodden (2004) pointed out that ethnography 
research in the home has still not provided a panacea to the "wicked problem" of 
technology design for the home. They suggested that it makes a modest contribution 
to inform the design of technologies for the home. Taylor et al. (2007, pg. 384) 
reiterates this by acknowledging the work of Crabtree and his colleagues and state that 
it provides, "detailed analysis and useful orienting principles, " but comments that they 
do not articulate how technology may be developed in practice, with respect to design 
and design guidelines. Taylor et al. (2007), following an ethnographic study, developed 
technologies to support routines and activity in the home. They also suggest that it is 
people that imbue their homes with intelligence that the technology should be designed 
more as a resource for intelligence and that ethnographic studies in the home will 
provide the understanding for this intelligence. Hitherto the challenge of supporting the 
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designer, based on ethnographic research, is in a primitive stage, and no guidance or 
framework on how to translate this rich data to support the designer is transparent. 
3.3.4 Technology research, laboratory home (LH) 
The third approach to home technology research involves laboratory homes. These 
are homes specifically built for the purpose of technology development, evaluation and 
the understanding of human behaviour, containing individual and integrated 
technologies. In a review of laboratory home research (described as experimental 
projects), Aldrich (2003) reported that only one of these homes was occupied by 
people, most of them were set up to understand the technical requirements 
perspective, reflected in research papers. Since then, a small number of laboratory 
homes have been developed and the subsequent research published. Many were 
developed only to showcase a company's latest technology but there are some for the 
purpose of scientific research. It is still the case that some of the laboratory homes are 
technology focused and do not have occupants but the conclusions and discussions of 
these studies do refer to and identify challenges that the designer of the systems must 
overcome. When the focus is on the occupant or family living in the home, interactions 
and perceptions towards the technology are captured using research methods, typically 
direct and video observations, interviews, questionnaire surveys and technology data 
capture (i. e. recordings of technology usage). Referring back to Table 3-3, the 
participants in laboratory home research are predominantly families that include 
children (Intille, 2002; Randall, 2003; Buys et al., 2005, Hamill, 2006). Although in a 
technologically orientated project, The Millennium Home was built for one older 
participant (Perry et al., 2004) and The Aware Home is built for one occupant, who is 
also the researcher (Mozer, 1998 and 2005). Three of the laboratory homes in Table 
3-3 that have followed different research methods but produced very insightful findings 
will now be described and discussed. 
A well publicised example of a laboratory home is the "Orange at Home" project carried 
out in 2001 by Orange, a mobile communications network operator. Orange planned to 
study family attitudes and perceptions towards technology whilst living in the laboratory 
home, hence the term, the "living laboratory". Due to company confidentiality, public 
findings from research are limited. However, two publications in the academic 
literature have emerged from the Orange home. namely Randall (2003) and Hamill 
(2006). The research sample was three families (involving a total of three children), for 
a limited time (the longest being two weeks). Data collection included video 
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recordings, made continuously in all `family rooms', and interviews at the start and 
finish of the research period (Randall, 2003). Findings were split into three themes: 
control, social connectivity and location. Occupants were found to react positively to 
the remote control of home devices initially, but soon became frustrated with tasks that 
could not be completed in a simple and elegant way. Social connectivity referred to the 
way in which families grouped together to perform activities, and distance connectivity, 
the way in which family members were outward-looking, using technologies to relate to 
wider networks of friends and kin. Finally, location refers to the extent to which family 
activities were conducted in specific locations (Randall, 2003). 
In her paper, Hamill (2006) recommended that designers follow two rules, the first 
based on the Orange home research and the second, lessons from home technology in 
the past (specifically the role of the servant), when designing `smart domestic devices'. 
These are: 
1 The control rule: smart domestic devices should put people firmly in control. 
2 The non presence rule: smart domestic devices should as far as possible be 
unseen and unheard. 
In contrast to the Orange home research, Mozer (2005) discussed the benefits of the 
Adaptive Home from a user's perspective. Interestingly he was previously criticised by 
Aldrich (2003) for writing from a technical perspective but noted positively as (at the 
time) his was the only laboratory home with an occupant (i. e. Mozer, 1998). The 
Adaptive Home (also called ACHE, an acronym for Adaptive Control of Home 
Environments) is an example of a home that constructs models (algorithms) of the 
inhabitants and their environment. ACHE exhibits the ability to adapt to home 
occupants; with the restriction that only one person can live in the home. Moser (2005) 
describes three benefits of ACHE. First, the inhabitant (in this case the researcher 
himself, living alone) describes constructing his own conceptual model of ACHE's 
model of inhabitant behaviour. This led to the inhabitant regulating behaviour to 
accommodate the system model. Mozer (2005) considers this to be a benefit as the 
regular behaviour can lead ACHE to maximise occupant comfort (i. e. heating and 
lighting) and minimize energy utilization (i. e. not heat the home when unoccupied). 
Secondly, ACHE helps inhabitants use their time more efficiently; as an unintended 
result of a hardware problem, an announcement is made when more than five minutes 
is spent in any room. It is suggested that this will help the occupant stay conscious of 
their time use. Thirdly, ACHE educates the user with regard to energy use. In the 
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case suggested, this involves interrupting the inhabitant when they are carrying out an 
action if it is not considered efficient. It is seriously questioned whether these in fact 
are `benefits' or perhaps are a likely cause of annoyance to the home occupant! In 
addition, the researcher is also the home occupant / permanent participant. 
In contrast to both the Orange Home and ACHE, the `Research House' (Buys et al, 
2005) is described as smart housing and was purposely built for a family to live in for 
two years. However the `smart' in this case had a greater relation to the design of the 
building, the ecological sustainability and the social sustainability, rather than 
technology implementation. For instance, in addition to systems being implemented to 
increase security, the home was designed with principles of `Crime Prevention Through 
Environmental Design' (CPTED). For example, occupants had a clear view of the front 
and rear of the house but it is discussed that this initially gave the occupants a feeling 
of vulnerability because they were visually exposed. The home was also built 
according to Universal Design (UD) principles. The home design features that were 
described as the most significant to a comfortable, liveable and enjoyable home were 
those of natural lighting, natural ventilation, spaciousness and ease of access, not the 
advanced technology. These findings beg the question of whether the smart home 
should not only include the consideration of technology and the associated benefits 
gained, but also be part of holistic home design. 
3.3.5 Reflection: smart home empirical research 
At the beginning of section 3.3, the issues in relation to obtaining meaningful consumer 
input and feedback for research consideration were identified by Hindus (1999). These 
issues are used as a framework to reflect on the research findings. 
Obtaining consumer input. 
Two groups of the population have provided the main focus for empirical research to 
capture perceptions of smart home technology: older adults (55+) and family homes, 
leaving gaps in research with the remaining population (although perceptions of the 
personal computer have been researched for all age groups). Researchers have not 
expressed difficulty in accessing real homes despite initial concerns. This research is 
difficult to compare because they do not follow the same research methods, for 
example focus groups have been used with older participants (Demiris et al., 2004), 
ethnographic research has been in real homes (Taylor et al., 2006) and laboratory 
smart homes (Randall, 2003; Hamill, 2006) focus on families. However, there are 
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exceptions, e. g. Forlizzi et al. (2004) who carried out ethnographic studies with older 
participants. The author of this thesis suggests two reasons for the focus of smart 
home research hitherto mainly investigating those two segments of the population. 
First, if the research is to understand patterns of behaviour and communication within 
the home, then the household must be made up of a number of people. Secondly, the 
immediate demographic change in the population across the world has prompted an 
increasing focus on the older population. To support this, additional research needs to 
be carried out with these and the remaining population. When it has been impossible 
or difficult to consult the end user directly, for example, for home occupants with 
specific needs, carers or experts have been deemed an appropriate addition or 
replacement. 
Designing for homes 
Ethnographic research methods have obtained rich data but as pointed out by Harper 
(2002), the challenge is translating this information into more useable guidance for the 
designer. Recently, Taylor et al. (2007) stress that much of the ethnographic research 
(e. g. Crabtree and Rodden, 2004) does not articulate how technology may be 
developed in practice, with respect to the design of products; the author of this thesis 
suggests that Crabtree and Rodden's research is not atypical. That is not to say that 
the research is not valuable, rather it stresses the difficulty in practice of providing 
useful guidance to the designer following ethnographic research. Recently, Taylor et 
al. (2007), amongst others, have proposed home technology prototypes following 
ethnographic research in real homes. Such research follows a UCD methodology, 
starting with ethnographic research in real homes, followed by a process of developing 
prototypes or `technology probes' and observing their use in the same real homes. 
Efforts to support the designer have brought about both broad and detailed design 
guidelines. For example, following interviews with older participants Forlizzi et al. 
(2004) has produced very detailed guidelines, whilst Hamill (2006) following 
observations of participants in a laboratory smart home developed over-arching 
guidelines. However, the efficacy of these guidelines is unknown without examples of 
their utilisation. Clearly the provision of guidance to support smart home technology 
design practice is in its infancy, and worthy of further investigation, and no guidance or 
framework on how to translate this rich data to support the designer is currently 
available 
One question that has come about from the review of smart home research is, who is 
the designer? The smart home is complex and involves many disciplines, if design 
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prototypes are based directly on the understanding of human behaviour in the home, 
following ethnographic methods of investigation and developed by the researchers that 
carried out the research (i. e. Taylor et al., 2006), the design is truly user-centred and 
the researcher is the designer. However, there are many disciplines involved in the 
development of smart home technology, it is important to understand how they can 
play their part in the development. 
The review of research findings suggests that the perception of the smart home has 
received positive, negative and ambivalent attitudes from adults' aged 55+. However, 
there are more positive attitudes towards technology than negative, specifically with 
health technologies and time-saving technology. Gender differences towards computer 
use have been found, with more anxiety towards computers being reported in females, 
which must be accounted for in the design of the smart home. There is a large gap 
between home technology empirical research and the current development of home 
technology. Research has shown that there are discrepancies between these 
expectations and home developer's perceptions of homeowner's expectations of smart 
home technology, stressing the importance of a UCD process. 
Conducting participant-observer-designer studies 
Researchers have not expressed difficulty in obtaining consent for participation and the 
researchers themselves are not reported to be `participants' in the home research; 
Hindus' (1999) caution has then been adhered to in the reported research. Mozer 
(1998 and 2005) is the exception; he is both the researcher and the sole occupant in 
the Adaptive Home. The findings of his study emphasise the technical development of 
the system. 
Situating the research 
Edwards and Grinter (2001) point out that a likely scenario for the emergence of the 
smart home is new technology being brought `piecemeal' into the home (described by 
Edwards and Grinter as the `accidentally smart home'); as opposed to the purpose built 
laboratory smart home. In support of a piecemeal theory of technology diffusion in the 
home, research in real homes focus investigation on supporting one area or behaviour 
within the home, e. g. communication (Hindus at al., 2001; Crabtree and Rodden 2004) 
or the home computer (Venkatesh, 2001). Vanketesh et al. (1996) configures the 
home in terms of `living space', this includes three structural components: the social 
space, the physical space and the technological space. Weiser (1991) stresses that, 
"the real power of the concept comes not from any one of these devices - it emerges 
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from the interaction of all of them. " The ubicomp visions of the home bring all spaces 
together within one system. 
Laboratory homes are required to investigate the integration of many intelligent 
technologies; it is not realistic or practical to implement extensive technology 
enhancements into real homes for research. Unfamiliar technologies can disrupt social 
practices within the home; this in turn could potentially invalidate any evaluation results 
of a technology design (Abowd et al., 2005). Consequently, many evaluations of new 
technology are carried out in laboratory-based situations. The perceptions of very 
technically advanced systems are frequently tested in a `Wizard of Oz' style experiment 
(Maulsby et al., 1993; Dahlbäck et al., 1993). Obviously disruption to behaviour can 
occur in all situations that a new system is implemented, but is perhaps more likely in a 
`living laboratory' because behaviours and social practices are inevitably affected 
greatly by a complete change in the context. This could be overcome by the provision 
of a home to be occupied past the `honeymoon' period, but only Buys et al. (2005) had 
the facility for participants to live in the home for a substantial amount of time (two 
years); this obviously depends on research funding! However, individual technologies 
can be implemented in real homes for longer periods of time cheaply, and there have 
been in iterative UCD processes, overcoming the, "wow, a new toy" factor and allowing 
for new interactions to be studied (e. g. Taylor et al., 2007). 
Extending the research to real-world residences 
The author of this thesis has categorised home research into one of three situations 
and research has been conducted successfully in all: independent of the home, in real 
homes, and in laboratory homes. A range of research methods have been used in the 
three situations. As discussed, one of the methodological differences between 
research projects is the typical age of the sample in the three situations. Older 
participants have been subject to research outside of the home (for example, focus 
groups), whereas families have been the focus of research within the home (real 
homes or laboratory-based research). Obviously the research methods utilised for 
these situations are different. One reason for this may be that there are a greater 
number of interactions to observe between individuals, and individuals and technology 
in the home, when there are more people present in the home. With the exception of 
Pragnell et al. (2000) who conducted a questionnaire survey with a broad sample of the 
population, the two population samples that have been the main focus of the smart 
home research data collection (families and older individuals) have not been studied 
with the same research methods. Comparing research findings between different 
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qualitative and naturalistic research, when the sample and the findings are not tangible 
is itself a challenge. With the ageing population, there is a need for more research with 
older participants. It is the differences between the behaviour of these population 
samples that will give designers the greatest insight into the perceptions and needs of 
the smart home. 
3.4 Conclusions 
The smart home literature review concludes: 
1. The growth in empirical research and the emergence of the smart home 
emphasises the need to investigate people's perceptions of the smart home, to 
capture an understanding of the challenges that must be overcome in the 
design of the smart home. 
2. To overcome the frustrations that have been experienced with existing 
technology, the smart home must be consumer driven and the design process 
must be supported with knowledge of the needs and perceptions of the user. It 
is suggested that UCD principles can contribute to achieving this. 
3. Smart home research to date has mainly focused on households with a family 
or people aged 65 or older, research is needed to investigate the whole 
population, with consistent methods. 
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Chapter 4: Design for the smart home 
The conclusions of the `technology in the home' and `the future home' literature reviews 
can be summarised together: 
o To ensure successful diffusion, smart home design must overcome the 
frustrations that have been experienced with existing technology. The design 
and the growth in empirical research in relation to the smart home must be 
supported with knowledge of the needs and perceptions of the user. It is 
suggested that UCD principles and methods can contribute to capturing 
people's perceptions and requirements, from a diverse sample of the 
population. 
o The smart home is more complex than existing and previous technology; it 
involves a number of previously distinct technology industries merging to 
develop a single technology system. It is important to understand user needs 
and perceptions, to identify the challenges that the design of the smart home 
must overcome. Current design practice must also be understood to establish 
how user needs and requirements are currently incorporated in design, to 
appropriately support design. 
The literature presented in this chapter will define and discuss User Centred Design 
(UCD), Universal Design and how end-user information is incorporated in design. 
4.1 User Centred Design (UCD) 
User centred design (UCD) is a design philosophy that focuses on the needs and 
interests of the user and emphasises making products usable and understandable 
(Norman, 1988). There are many descriptions of UCD in the literature that vary in the 
nomenclature used, the emphasis on a particular aspect of the process and the specific 
detail provided regarding the methods involved (Buurman, 1997). Gould and Lewis 
(1985) nonetheless identified three principles for user centred system design, which 
are prevalent in many of the descriptions of UCD (Buurman, 1997), they are: 
1. Early and continual focus on users; 
2. Empirical measurement of usage; and 
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3. Iterative design whereby the system (simulated, prototype, and real) is 
modified, tested, modified again, tested again, and the cycle is repeated again 
and again. 
In recognition of the success of UCD at achieving the goal of usability and making 
products understandable, the standard EN ISO 13407 was developed for the UCD of 
interactive computer-based systems. It states that a user centred design approach is 
characterised by: 
o The active involvement of users and clear understanding of user and task 
requirements; 
o An appropriate allocation of function between users and technology; 
o The iteration of design solutions; 
o Multi-disciplinary design 
The involvement of users within the design cycle should provide a design team with 
knowledge about the context of use and the tasks, and how users are likely to work 
with the product (EN ISO 13407). The point at which there is active involvement of 
users in the UCD process is not defined in the standard. This is where descriptions 
and models of UCD differentiate in the literature. 
The many UCD methods used to gain knowledge of the user were illustrated by Olsson 
(2004), who put forward a continuum of user roles in design: from simply being a 
passive subject of observation through to being an active agent, to being an 
empowered partner as a co-designer. Eason (1 995a) previously reviewed two 
paradigms for UCD that distinguish these roles that the user takes in design: designing 
`for users' and designing `by users'. His findings proposed that there are in fact three 
approaches required for UCD, depending on the type of product being developed and 
differentiated by the stage and purpose that users are actively involved. He proposed 
that when developing generic products, UCD is carried out `for users' through the 
provision of existing theories and knowledge about the user; the product is then 
evaluated with users, but they do not impact on the design until that point directly. 
When developing local or bespoke products the design is carried out `by users', the 
user is consulted directly, early in the UCD process, with participatory design methods, 
for example focus groups. The final approach is UCD for customisable products. 
Products for which it is deemed that users have, "good local task reason, as well as 
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value and aspiration reasons for wanting to work in other ways" (Eason, 1995a, pg. 
1672). The design is therefore deferred and the product offers an amount of 
customisable capability for users to implement, the UCD process is `for users' and `by 
users'. Regardless of which, throughout all UCD processes the focus should be on the 
needs of the user. 
Eason (1995a) has been quoted above to stress the focus on workplace interactive 
system design, noting the terms `work' and `tasks'. His findings, akin to other UCD 
research at the time, were based on the development of interactive systems for the 
workplace. However, the focus of the research in this thesis is the home. It was 
discussed in chapter two that Hindus (1999) proposed that the home is fundamentally 
different from the workplace and this must be accounted for when developing 
technology. The main reasons suggested by Hindus (1999) are: homes are not built or 
designed to accommodate technology; behaviours such as home buying behaviour are 
different from the workplace; and that family structure is complex, i. e. it may not be 
explicitly or rigidly organised. The smart home will have some generic elements, but 
the home is an individual and personal space and will require customisable elements. 
It is suggested that the smart home is a product requiring the latter of the three UCD 
approaches suggested by Eason (1 995a), UCD `for users by users'. 
4.1.1 Functionality, usability, pleasure, emotion & user experience 
If the end-user cannot use a technology or consumer product they automatically miss 
out on any benefits that it could provide. A UCD approach to design is primarily 
advocated for interactive systems and products to overcome problems with usability 
(Buurman, 1997; Eason, 1995a; and Norman, 1999). The usability of a system has a 
multitude of attributes, which must be considered together, to make up the complete 
system, effectiveness, efficiency and satisfaction (Nielson, 1993; Preece, 2002). 
Usability is defined as: 
"The extent to which a product can be used by specified users to 
achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use" (EN ISO 9241-11,1998). 
In the design of interactive systems, it is not considered adequate to simply follow 
usability design guidelines within a UCD process, to produce a usable interactive 
system. Shneiderman (1998) describes three pillars for the design of an interactive 
system: guideline documents and processes, user interface software tools, and expert 
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reviews and usability testing, i. e., a UCD process does not necessitate design by 
users. For example, following a task breakdown of a job (e. g. a hierarchical task 
analysis); usability guidelines could be followed to ensure that the system is usable. 
The system could then be developed and a usability measure implemented within a 
usability evaluation, e. g. The Computer System Usability Questionnaire (CSUQ) 
(Lewis, 1995). If the conclusion can be drawn that the system is usable, the project 
can be deemed a success, if not, the design team will iteratively develop the system 
until the usability evaluation concludes that it is usable. 
The majority of the usability literature has been aimed at the UCD of workplace 
interactive systems; the importance of usability grew within the HCI and the CSCW 
research fields. This is still reflected in the standards related to usability, for example, 
in EN ISO 9241-11 examples of the attributes of the context of use are given, many of 
which describe the workplace: workplace conditions, workplace design and workplace 
safety. It has been suggested that HCI techniques of evaluation are not applicable to 
areas other than those that are structured broken down and motivated by specific 
(including monetary) goals; HCI was originally based on Fordist and Taylorist 
principles, which state that human behaviour can be decomposed into structured tasks 
and activities (Abowd et al., 2002). 
Today efforts to evaluate the usability of technology products in design practice is 
growing but the absence of a usability evaluation is still considered to be a major issue, 
and one that is unlikely to change in the near future (Aldrich, 2003; Gann et al., 1999). 
However, growth of the digital technology consumer market and the technology 
migration into the home leads a demand for products with more than usable 
functionality. It is vital that a product's functions are useful, and to make use of 
functionality, a product must be usable. Once this is established, researchers now 
advocate going beyond usability by making technology meet higher needs beyond 
functionality and usability. Several terms are used to describe this movement, 
including: designing pleasurable products (Jordan, 2000); funology: from usability to 
enjoyment (Blythe et al., 2003); emotional design (Norman, 2004); and hedonomics 
(Hancock et al., 2005). All of these approaches emphasise looking at the human 
holistically, in addition to the cognitive and physical characteristics of the human, they 
are concerned with the values of the individual. Jordan (2000), Hancock et al. (2005), 
and Norman (2004) all propose a model that illustrates a hierarchy of human needs. 
Although the models are not identical they all emphasise a hierarchy akin to Maslow's 
(1970) model of the optimisation of human satisfaction, achieved through a hierarchy of 
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human needs: a higher-level need can not be fulfilled until a lower-level has been 
achieved. The hierarchies emphasise design going beyond functionality and usability of 
a product. However, the number of levels in the hierarchies differs between authors. 
For example, Jordan (2000) illustrates three levels: functionality, usability and pleasure, 
where as Hancock et al. (2005) illustrates five levels: safety, functionality, usability, 
pleasurable experiences and individuation. 
To achieve the highest level of pleasurable or emotional design, Jordan (2000) 
proposes four pleasures "that people may seek and that products can potentially bring", 
whilst Norman (2004) suggests three levels of design. These levels are illustrated in 
Table 4-1; Jordan's third pleasure is not ignored but overlaps Norman's (2004) three 
levels of design. Norman (2004) and Jordan (2000) both recognise that individual 
human pleasure is not only derived from what a product looks like, but it is the 
culmination of many pleasures together that makes an individual product a success. 
Hancock et al. (2005) however, who proposed that individuation was achieved once 
pleasurable experiences had been achieved, stated that individuation was an ethic 
distinct from UCD that allowed individuals to optimise their own personal interaction 
was suggested that these goals are achieved through customisation and adaptive 
systems that are aware of individual needs and preferences. 
More recently the UCD focus has moved to user experience. For example, Hummels 
(1999) expresses the need to provoke users to express their thoughts and feelings in 
the product development cycle. User experience is subjective, holistic and both 
utilitarian and emotional (Battarbee and Koskinen, 2005). It was borne out of the 
it 
criticism that focusing on pleasure ignores unpleasant experiences. Akin to Hancock et 
al. 's (2005) individuation, user experience has been criticised for having a focus on the 
Table 4-1: Jordan's four pleasures & Norman's three levels of design. 
The Four Pleasures The Three Levels of Properties (Jordan, 2000) Design (Norman, 2004) 
Physiological pleasure Visceral design 
Psychological pleasure Behavioural design 
Sociological pleasure 
Attractiveness, look, feel, 
sound and emotion 
Functional and ease of use 
Pleasure derived from other's 
opinion of the personal 
product use 
Ideological pleasure Reflective design Aesthetics, quality and 
personal reflection 
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individual. Battarbee and Koskinen (2005) suggest that user experience in the UCD 
process should be broadened to include people's interactions (with others), as a focus 
on individual experience neglects the experiences that are created together with 
others. 
A product needs to express more than functionality, and designers are attempting to 
capture these additional needs through new methods within in the UCD process. This 
is not a new consideration, for example, in his book `Designing for People' Dreyfuss 
(1955) states that, "man achieves his greatest measure of serenity when surrounded 
by beauty. " People have, perhaps, always demanded more than functionality and 
usability in products, the migration of technology from the work place to the home has 
just brought this to the forefront of designers' attention. 
4.2 Universal design, inclusive design, and design for all 
In the early 1970s, the disability social model was developed redefining disability from 
the medical model, as being caused by society through the failure to provide suitable 
products and amenities (Owen and Johnston, 2003). This lead to the rise of the 
principles of `universal design', first discussed by the American architect Ron Mace in 
the 1970s, as a philosophy that aims to, "design products and environments to be 
usable by all people, to the greatest extent possible, without the need for adaptation or 
specialized design" (Mace, 1997). Since then, attitudes and political and economic 
aspirations have changed and this, accompanied with legislation and regulations (for 
example, the Disability Discrimination Act, 1995 (DDA) and the Special Educational 
Needs and Discrimination Act 2001 (SENDA)) has lead to the foundations for the 
creation of a more inclusive society. In turn, this has triggered shifts in design practice, 
now moving away from special solutions and assistive devices, to an increase in 
accessibility and inclusive design, considering everyone in mainstream design 
(Coleman et al., 2003). However, most products are still designed and marketed with 
only the able-bodied user in mind (Clarkson et at., 2000). Despite this, it is considered 
if people can be disabled and excluded by design, they can also be enabled and 
included by thoughtful, user-aware design (Coleman et al., 2003). 
Universal design must be seen as a process and not just an end product (Keates, 
2003). To account for the needs and requirements of as large a population as 
possible, information about end-users is incorporated throughout the design process 
(Warburton, 2003). Patmore and Mahoney (2002) propose a fully integrated and 
inclusive design lifecycle (Figure 4-1), the model illustrates the relationship between the 
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varieties of methods used by designers to ensure a thoroughly inclusive and usable 
product. They propose that in circumstances when it is unrealistic for users to be 
included personally in the design lifecycle, user representatives can be present on the 
design team, e. g. carers or occupational therapists. In all aspects of the design lifecycle 
in Figure 4-1 users can be incorporated in the development lifecycle. 
User needs 
analysis 
4 
Requirements 
& specification 
User testing 
& evaluation 
E 
ign Conceptual & 
formal design 
Prototyping 
Implementation Operations & 
maintenance 
Figure 4-1: A fully integrated development lifecycle (Patmore and Mahoney, 2002). 
However, it is not considered realistic that considering everyone in a product design 
process will ensure that the whole population can use a product; rather products should 
address the widest possible audience that they can (Warburton, 2003). Considering 
the ageing population, it is important that the UCD process for the smart home is as 
inclusive as possible. 
4.3 The provision of user knowledge in UCD 
The three approaches to UCD proposed by Eason (1995a) will now be discussed. 
Typical means to provide user information within the design process will be discussed 
for the first approach, `design for users, ' for example, design guidelines. Methods to 
include the user directly in the design process will be discussed for the second 
approach, `design by users, ' for example, participatory design. The third approach 
mentioned, `design for users by users, ' is then discussed as the best solution for UCD, 
as a combination of the two former paradigms. 
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4.3.1 Design for users: existing knowledge in UCD 
A vast amount of empirical knowledge exists to provide human factors guidance within 
the product design process. An attempt to compile such human factors guidelines and 
information in the late 1980s took a decade and hundreds of people, culminating in four 
volumes of the Engineering Design Compendium (EDC), containing 1100 entries (Bofff 
and Lincoln, 1988). It is obviously not realistic for the author of this thesis to review all 
of the guidelines since that period. 
Empirical models generally have been criticised for not viewing the user holistically, 
splitting the human into a number of factors that can be measured, and thereby 
ignoring the important psychosocial elements (Eason, 1995a). This is a very similar 
criticism to that which the experimental and positivistic approach to social science 
receive (discussed in chapter five), and provides additional support for the current / 
recent emphasis on the emotional aspects of the individual (Blythe et al., 2003, Jordan 
2000, and Norman, 2004). In a study of the role of user models in the household 
product design process (N=55), Hasdogan (1996) classified empirical information 
within four models: physical, cognitive, consequence (undesired outcomes) and 
psychosocial. He found that designers used empirical models to a very limited extent 
because the majority of information available focused on the physical aspects of the 
human, e. g. anthropometric data. User modelling literature was and has also been 
criticised for not being targeted at designers and apparently not attempting to `fit in' with 
design practice (Eason, 1995a; Gyi et al., 2000; Hasdogan, 1996; and Porter and 
Porter, 1999). Indeed designers struggled to interpret data because it was presented 
in a way, seemingly, more suited for the ergonomist. In a study of the factors relevant 
to producing effective human factors guidance, Burns et al., (1997) recommended: 
1. Human Factors (HF) guidance should be steeped in context: documents should 
be application - specific, tailored to a single industry or a single design problem 
rather than sweepingly broad in scope. 
2. To achieve (1), HF guidance should be based on the needs of the industry and 
the specific skills of designers for whom the guidance is intended. 
3. Designers should be informed of what information is readily available. 
In addition, Burns et al., (1997) concluded that even a perfect HF handbook would 
have a low impact on designers and consequently new ways must be explored to 
communicate information to support design practice. 
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The limited amount of `smart home guidance' is by its nature steeped in context, but 
some of the criticism of existing empirical models by Eason (1995a) and Hasdogan 
(1996) discussed above is valid. Examples of smart home guidance includes: Laberg 
et al. (2005), Tiresias (2007), and Van Berlo et al. (1999). However, such guidance 
has not been developed to be a solitary resource to inform the designer of what people 
want in the smart home. Laberg et al. 's (2005) design guidelines introduce a macro 
level of understanding for the anticipated benefits of the smart home technology for 
stakeholders, for example, social services, health professionals, designers, individuals 
and manufacturers. The guidelines are not useful for designers other than to inform 
them of what the smart home aims to do. Tiresias (2007) developed guidelines for 
`people working in the field of visual disabilities, ' and brought to the designer's attention 
specific needs as a consequence of a physical or cognitive disability, supported with 
application examples. These guidelines have been developed to address health as 
one of the main focuses and perceived benefits of the smart home (discussed in 
section 3.1.3). Information regarding physical and cognitive disabilities is vast with 
many individual factors that will have an effect on needs. Although they address the 
physical limitation of a physical or cognitive disability, they are mainly caveats for 
interface design, for example, "provide non-verbal information (graphics, signs, 
symbols, icons. " As Eason (1995a) suggested, they do not address the psychosocial 
elements of people. These smart home guidelines, although useful to an extent, do not 
address the needs of the designer or the complexity of the smart home. 
Guidelines based on ethnographic research have also been criticised. Crabtree and 
Rodden (2004) pointed out that ethnography research has not provided a panacea for 
the design of home technology. Taylor et al. (2007) reiterate this but acknowledge the 
work of Crabtree and his colleagues, specifically stating that it provides "detailed 
analysis and useful orientating principles" but they do not articulate how technology 
may be developed in practice, with respect to design and design guidelines. As a 
starting point for guidelines, it would perhaps be more pertinent to study design 
practice to identify the needs of the designer. 
The smart home is a complex product and will involve very large teams of designers 
with a multitude of skills and experiences. To provide guidance for all elements of the 
smart home would itself be an almost impossible task due to the nature of the many 
components involved. Not only is there the graphical user interface (GUI) which itself 
can fall under many existing guidelines but many challenges of new interaction 
paradigms and the huge potential for applications. There may be no GUI! 
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4.3.2 Design by users: capturing new knowledge in UCD 
There are many terms and approaches regarding the UCD process of designing by 
users, including: cooperative design (Greenbaum and Kyng, 1991), participatory design 
(Schuler and Namioka, 1993), and co-design (Scrivener et al., 2000). Carroll and 
Rosson (2007) state participatory design has a moral and pragmatic proposition. The 
moral proposition is borne out of the origins of participatory design: Scandinavian 
democratic principles state that the shared design of the workplace would lead to an 
improved work situation (Gregory, 2003). Therefore, he who will be affected by the 
design outcome should have a substantive say in how the outcome is derived and what 
it shall be. The pragmatic proposition is that by including the users directly in the 
design process, the design will be more successful. In taking part in the design 
process, they can offer preference, expert opinion and personal perspectives regarding 
the activity that the design will support. To summate, the shared goal of all of these 
approaches is to consider the user throughout the UCD process with active 
involvement. The term co-design has been adopted within this thesis. 
Although this approach to UCD has been practised in Scandinavia since the 1970s and 
the mid-1980s in North America (Gregory, 2003), it is not widely practised. A fieldwork 
study of the role of user models in the household product design process with 55 
design practitioners in 1991, described only one that had actively involved users in 
UCD, more frequently the designer themselves would personally `act out' the role of the 
user (Hasdogan, 1996). One reason for Hasdogan's (1996) findings might be that 
these methods were typically used within the workplace; it is envisaged that the sample 
used for his study were made up of consultancies that developed consumer products 
(unfortunately, this cannot be confirmed from the limited description of the sample in 
the paper). Traditionally, participatory methods have been used within the HCI and 
CSCW research communities by implementing functional prototypes, which are then 
redesigned with the end user. Klöcker et al. (1999) provides an example of 
participatory design for the workplace: based on initial interviews a first prototype 
system was developed and laboratory workshops were held with five potential users to 
try out the system hands-on. Users worked through a realistic scenario and fed back 
information to the design team about the prototype. Following the implementation of 
the initial system, user advocates were given the task of feeding back information to 
the design team directly from users. Many further design workshops based around 
user feedback and scenarios were held with users before the design process was 
complete and the final system implemented. Klöcker et al. 's (1999) design process is 
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typical of participatory design; the successful use of scenarios with prototypes systems 
has been documented heavily (see Carroll, 1995). 
4.3.3 Design for users by users: combining existing user knowledge with 
new knowledge 
Many of the methods used for `design by users' are also used for `design for and by 
users', the differentiating factor being the customisable element of a product, due to the 
"good local task reason, as well as value and aspiration reasons for wanting to work in 
other ways" (Eason, 1995a, pg. 1672). Rather than bespoke, many consumer products 
are mass produced and somewhat generic, (for example, the mobile telephone) but 
they are customised, to satisfy the drive to design beyond usability by emphasising 
user experience and pleasure surrounding the usage of personal products (see section 
4.1.1), it has become pertinent for active user involvement within UCD for home 
technology and consumer products. For example, the `Do, Say and Make Tools' 
include observations (what people do), interviews (what people say) and what people 
make (Sanders and Dandavate, 1999; Sanders, 2002; Sanders and William, 2003). 
Not only do users actively take part in the design process by offering their opinion on a 
system (for example, Klöcker et al., 1999), participants actively design tangible 
prototypes. It is thought that by harnessing people's creativity, research can capture 
what people may not be able to express themselves: 'the unspoken desires of the user' 
(Sanders and William, 2003). It is not that these user-made prototypes are taken to be 
an actual product but the features embodied in a design can be extracted and 
triangulated with the findings of user observations and interviews. Observations and 
interviews suppose that users can be observed and interviewed regarding a product, 
this can be achieved in most cases as the majority of design work is the redesign of 
existing products (Margolin, 1997). 
Demirbilek and Demirkan (2004) provide a participatory design model, following 
universal product design with "elderly" users. The UCD methods that they followed 
include brainstorming, scenario building, unstructured interviews and sketching. The 
model is described as a mixture of the two paradigms described by Eason (1995a) and 
encompasses two stages of concept development before prototype construction and a 
user trial session. In between the concept development stages conducted with users, 
existing knowledge is consulted; the prototype is then developed with a team of 
designers, ergonomists and engineers for a user trial. Demirbilek and Demirkan (2004) 
concluded that involving the users in the design process enhanced the design 
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solutions. However, the product being developed was only mildly customisable (a 
multi-function, folding shelf) and, having only two states, very simplistic. 
In comparison to Demirbilek and Demirkan (2004) design of a multi-function shelf, the 
smart home is highly complex. The customisable element of a product, due to values, 
aspirations, pleasure, emotions and user experience and wanting to work in other 
ways, differentiates the need for UCD to be for, by, or for and by the user. Eason 
(1995a) suggests that in the development of non-generic products UCD should be 
carried out by users; when a product requires bespoke design design should be by the 
user; and when customisable capabilities are required design should be designed for 
and by the user. It is proposed that needs, requirements, and perceptions of the smart 
home must be captured by using UCD methods that enable design to be for and by the 
user, for example, by utilising co-design techniques. This may lead to decisions 
regarding what should be customisable by the user, and what decisions should be 
made and designed formerly in the smart home. In addition, the vision of the smart 
home suggests that smart technology will benefit the whole population. It is important 
to incorporate the whole population as much as it is possible when investigating smart 
home user needs and requirements, therefore. 
4.4 Conclusions 
The design for the smart home literature review concludes: 
o The smart home will demand customisable, individual functionality to be 
integrated into the home, and must satisfy people's functional, cognitive and 
emotional needs in the home environment. Therefore, to capture perceptions 
and requirements of the smart home, UCD methods must be followed that 
incorporate design for and by the user. 
oA UCD process requires an understanding of the context for which the product 
will be used. Smart home research should be conducted in the home context 
as much as possible. Understanding the user and the context of use (i. e. the 
home environment) is crucial to the successful development of technology. 
o An `inclusive design' strategy will maximise the opportunities to identify the 
perceptions and requirements of a broad range of the population. Appropriate 
UCD techniques must be followed to facilitate the necessary user-lead design 
cycle. 
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Chapter 5: Research methodology and methods 
5.1 Introduction 
This chapter discusses the methodological approach to satisfying the aim and 
objectives of the research. An overview of the approaches within the social sciences is 
discussed, followed by a review and discussion of smart home research. The 
advantages and disadvantages of the specific methods used in the literature to collect 
and analyse data are then presented. 
5.2 Research aim and objectives 
A critical review of published literature in the areas of technology in the home, the 
future home and design for the smart home has been conducted. It confirms the need 
to truly understand and identify the needs of the end user, and the challenges to the 
designer in the development of smart home technology. The thesis aims to investigate 
user perceptions and capture user requirements of the smart home, to support industry 
practice in the development of smart home technology products. The objectives are: 
1. To explore what people want from smart home technology in terms of their 
physical, cognitive and emotional needs. 
2. To identify challenges to smart home technology in order to meet the needs of 
different users. 
3. To understand design professionals' needs, opinions and experiences of 
working practice, in relation to user information and user involvement in the 
design process. 
4. To provide guidance to facilitate `designers' in understanding the user, to 
support the design of future smart home technology. 
5.3 Methodology in social sciences 
Science can be classified into two major branches: natural science and social science. 
Professionals whether they are an engineer, designer, or research scientist have been 
trained in a discipline within one of the two branches. Within consumer electronic 
companies for instance, professionals with a natural sciences background (for 
example, an electronic engineer) may work to develop and invent new technology 
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whilst professionals with a social sciences background (for example, an ergonomist or 
an anthropologist) will investigate human behaviour in relation to the home and home 
technology. This research aims to investigate the smart home from the social field of 
science by understanding the home occupant and the home technology design 
professional. 
Within social science, research can be based on different research paradigms based 
upon different ontological assumptions (Table 5-1). Before embarking on any research 
project, it is useful to explore the foundations and ontological assumptions of these 
paradigms; this is especially important, as the design and development teams of the 
smart home are trans- or multi-disciplinary. Easterby-Smith et al. (2002) state three 
reasons for exploring different research paradigms: to help clarify research design, to 
help recognise whether a design will work or not, and to encourage the researcher to 
utilise and create designs outside their experience. Unlike Easterby-Smith et al. 
(2002), Patton (2002) describes the debate of objectivity versus subjectivity as 
outdated, rather, a researcher should describe the use of methods and let the reader 
be persuaded by the, "intellectual and methodological rigour, meaningfulness, value, 
and utility of the result. " However, Ponterotto (2005) states that, "strong qualitative 
research can emanate from multiple paradigms, each valid in its own right and with its 
own criteria for conducting and evaluating research. " He supports Easterby-Smith et 
al. (2002) by emphasising the importance of the researcher explicating the operating 
paradigm in the reporting of studies (Ponterotto, 2005, pg. 132). Although as Patton 
(2002) indicates, for research to be accepted it is decisive that the researcher is 
transparent in the description of method usage and provide a breadcrumb trail of their 
Table 5-1: Contrasting positivist and naturalist axioms. Adapted from Lincoln 
and Guba (1985) and Easterby-Smith et al. (2002). 
Axioms about Positivist Paradigm Naturalist paradigm 
The nature of reality Reality is single, tangible and Realities are multiple, 
(Ontology) fragmentable. constructed and holistic. 
The relationship of the Knower and known are Knower and known are 
knower to the known independent, a dualism. interactive, inseparable. 
(Epistemology) 
The possibility of Time and context free Only time and context bound 
generalisation generalisations (nomothetic working hypothesis (idiographic 
and etic statements) are and emic statements) are 
possible. possible. 
Explanation through Must demonstrate causality. Aim to increase the general 
causal linkages understanding of the situation. 
The role of values The research is value-free. The research is value bound. 
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procedures. It is then believed (like Easterby-Smith et at. (2002) and Ponterotto 
(2005)) that it is important to discuss research methodology. To determine the 
methodology to best satisfy the objectives of this thesis, research on the smart home 
will first be explored. 
5.3.1 The research methodology and methods of smart home research 
Most research within the social sciences fits within the two extremes of the paradigm 
debate, rather than satisfying either paradigm definitively, i. e. positivist vs. naturalist. In 
reality, researchers themselves may not agree completely on a definition of what 
satisfies the criteria of either paradigm because there are multiple axioms. In addition 
to the multiple axioms, the research question; personal assumptions, beliefs, training 
and experience of the researcher; and project constraints (i. e. cost and time), will affect 
the choice of a particular research methodology. 
To emphasise the different methodological approaches to smart home research, the 
author has placed some examples of the smart home research discussed in the 
literature review into a matrix (Figure 5-1). The matrix is based on Easterby-Smith et 
al's. (2002) matrix of research philosophies that uses two dimensions to create a 
taxonomic approach for distinguishing different research modus operandi. The two 
dimensions are: the ontological differences between realism and nominalism (positivist 
vs naturalist), and the epistemology differences between positivism and naturalism 
(relationship between the knower to the known: detached vs. involved or etic vs. emic). 
Without actually discussing the research methods directly with project researchers, it is 
difficult to ascertain from papers exactly where research sits on the positivist - 
naturalist continuum. As already stated, researchers may not agree completely on 
what satisfies the criteria of the methodological paradigms and many research projects 
utilise a number of methods. The research included in the matrix therefore is projects 
for which single or very similar research methods were used. For example, Hindus 
(2001) investigated an existing technology using observations and interviews, then use 
participatory design methods to design the product, before evaluating prototypes. This 
incorporates methods from all areas of the matrix. Finally, the matrix (Figure 5.1) may 
not truthfully reflect an author's research philosophical position, unless it is specifically 
stated in the research paper; when judging a particular research study therefore, it is 
more constructive to focus on the methods that are utilized than to know the specific 
methodological approach. However, the matrix can be useful in illustrating the different 
approaches to smart home research. 
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Figure 5-1: A methodological matrix of smart home research projects. 
Bryman (1988) suggests that the distinction between qualitative (naturalist) and 
quantitative (positivist) research is really a technical matter whereby choice between 
them is to do with their suitability in answering particular research questions; there is 
not a particular right or wrong answer for what is the most appropriate research 
approach. The execution of a research method is not indistinguishable unless it is 
specifically stated. The suitability of a research method to satisfy the aims of research 
is learned through the transparency and trustworthiness of the research method 
description (Patton, 2002; Lincoln and Guba, 1985). 
Researchers have investigated the smart home from various positions on the positivist 
vs. naturalist continuum, with varying degrees of researcher involvement, often 
dependent on the methods. Studies that aim to discover or explore activities and home 
behaviours all follow ethnographic research methods, this includes: interviews, 
observations, and video recording in situ (e. g. Crabtree and Rodden, 2004). When the 
aim is to design and develop new technology but the function for the technology is 
known, user requirements are typically captured using several methods, within a UCD 
project (e. g. Hindus et al., 2001). Studies that aimed to capture people's attitudes 
towards new or existing technology differ in their approach, but the methods are 
typically focus groups, interviews or questionnaire surveys (e. g. Demiris et al., 2004). 
Researchers wanting to capture user attitudes towards newly developed technology 
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have used quantitative and qualitative methods, with questionnaire surveys and 
subjective reflections through interview questionnaires (e. g. Shih & Venkatesh, 2004). 
The sample size is equally varied between research studies, and depends on the 
research method. A summary of the advantages and disadvantages of these research 
methods is presented in Table 5-2. 
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5.4 The research strategy for this thesis 
The philosophical foundations and ontological assumptions of the positivist paradigm 
have been criticised for treating human behaviour in a detached and logical manner 
(Goulding, 2002). If the technology has been developed through technology push, and 
a priori hypothesis of what people want, extracting and generating findings directly to a 
real home will always be led by the question of whether the observations can be 
extrapolated. When investigating the smart home, the laboratory environment is 
obviously limited by existing technology advancement and does not consider what 
people want from developing and future technology. Developing the home purposefully 
in this way for research may also be an unlikely future scenario, it has been 
commentated that the smart home is unlikely to be a purpose built home, but rather 
technology is more likely to be introduced in to the home piecemeal (Edwards and 
Grinter, 2001). There are practical problems that include controlling for subject 
excitement that may follow when first experiencing any new and novel technology. 
Despite criticism in the literature and the aforementioned, it is insightful and 
enlightening to understand what is possible with current technology, to reflect on 
individual's reaction to state-of-the-art technology. Nevertheless, these projects are led 
by technology-push, rather than focussing on user needs and requirements. This 
research does not account for "the metaphysical, the intangible and the irrational 
aspects of the complex, interactional and sometimes conflicting influences that 
constitute human behaviour" (Goulding, 2002). In this sense, it is important to account 
for the human in their environment holistically, not only manipulating individual 
variables, in a controlled environment. 
The aim of this thesis is to capture user requirements and to support industry practice 
in the development of smart home technology products. A more holistic view of the 
human than a positivistic approach is necessary to try and understand how 
technologies affect existing home behaviour and what people want in the future. It 
follows that the aims and objectives of this research (presented in Section 1-3) are best 
addressed through a naturalistic approach. It is accepted that there are multiple, 
constructed realities that are subjective and influenced by the context of a situation, as 
the ontological basis of this research. Hypotheses generated inductively (a posteriori) 
will identify the multiple realities of the home, i. e. the interaction between the physical / 
architectural space, the social and cultural space, and technological space that make 
up the home (Venkatesh et al., 2001). Demiris et al. (2004) investigated perceptions 
towards smart home technology with a focus on the elderly out of the home. 
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Ethnographic studies (e. g. Crabtree and Rodden, 2004) conducted within the home 
have identified areas of application for technology but abstracting the findings to the 
designer from these studies remains a challenge (Taylor, et al., 2007). However, 
studies have also shown that it is possible to produce product prototypes by combining 
a number of research methods, such as interviews, observations and focus groups, to 
capture user requirements, before developing `technology probes or prototypes' and 
situating them in the home to capture people's behaviour with them (e. g., Hindus et al., 
2001, and Taylor, et al., 2007). The proposed research must therefore utilise methods 
that can both capture perceptions towards the smart home and seek ways to ensure 
that data collected is useable within the design process. 
5.4.1 Naturalistic inquiry 
To satisfy the aim of this thesis data collection will be of a qualitative nature and in a 
naturalistic environment as far as possible. There will be a need for the researcher to 
explain and discuss the smart home concept. The researcher is the data collection tool 
and it is unavoidable that a relationship may form between the researcher and the 
participant. To counteract this effect, the researcher must control bias and select only 
the pertinent information from the data collected. It is considered that dynamic 
interaction and dialogue between the researcher and participant will enhance rapport 
and facilitate rich data collection. A naturalist approach assumes that there are 
multiple realities; therefore, this research will not attempt to control or manipulate 
individual elements, i. e. the research participants or environment. A holistic 
investigation of the research phenomena is required to understand the interrelations of 
the many elements that make up the reality, for example, the home, the user, and the 
existing home technology. As a consequence, conclusions following investigation of 
the same phenomena may differ between observers. The researcher has some 
knowledge of the smart home from relevant literature. However, data collected in the 
individual studies will generate new knowledge and understanding and this will be 
grounded in the data. Preceding studies will thus inform the detail regarding 
subsequent study design. 
This study did not intend to produce a definitive answer of what the smart home is or 
should be and test this, rather, a general and rich understanding of the many 
interrelated elements that make up the smart home will be captured. It is considered 
that the development of a single definition in this case was not realistic and would in 
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fact emasculate the meaning of the data, and as a result only a fraction of 
understanding would remain (Erlandson et al., 1993, pg. 15). 
5.4.2 Sampling Strategy - Purposive sampling 
As described in chapter two, technology adoption is dependent upon many factors that 
include: 
o Rogers' (1995 & 2003) innovation adopter characteristics, 
o Norman's (1999) five sets of customers for technology, 
o The variation that the GHS 2002 showed in home technology adoption, 
dependent on the national statistics socio-economic classification (NS-SEC), 
the household weekly income, household type (size) and if the household is 
occupied by a lone-parent family (ONS, 2002), 
o The two individual attributes, perceived compatibility and perceived complexity, 
deemed prerequisites for the successful adoption of a new product (Solomon et 
al. 's, 1998 & 2006). 
In light of this, needs, attitudes and expectations towards the smart home are not 
expected to be homogeneous across the population. In addition, it is vital that 
technology products are not only desirable but also accessible to the whole population 
in terms of functionality and usability, to ensure that the potential benefits of the 
technology are available to all. It is important to have an in-depth understanding of the 
issues for the different user groups that are most likely to have accessibility problems. 
A purposive sampling strategy is central to naturalistic research, and will be suitable for 
the investigation of the smart home adopter in this study. In purposive sampling the 
researcher selects information rich cases of the population for in-depth study that will 
illuminate the question under study (Erlandson et al., 1993; Patton, 2002). The study 
does not aim to generalise findings to the broad population. The bias that a large and 
randomised sample would control in positivist research is the focus and strength in 
purposive sampling (Patton, 2002). Investigating information rich cases will increase 
the insights, understanding and discovery of the heterogeneous smart home user 
needs and requirements. This will maximise the ability to identify the challenges that 
the designer will have to overcome in the design and development of the smart home. 
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There are no specific rules for sample size in qualitative inquiry (Erlandson et al., 1993; 
Patton, 2002). In purposive sampling the quality and richness of research is of 
precedence to the quantity. Patton (2002, pg. 245) describes an epitome of an in- 
depth inquiry with a sample of one. Lincoln and Guba (1985, pg. 202) describe an 
ideal research strategy in which data collection is halted, "when no new information is 
forthcoming. " Glaser and Strauss (1967) describe this as the point of theoretical 
saturation. Therefore, with the monetary and time constraints of real world research, 
the emphasis is placed on the discretion of the researcher to make a judgment of what 
is at least an adequate sample for a particular research study. 
5.4.3 Sampling Strategy - Theoretical sampling as a part of grounded 
theory 
A theoretical sampling strategy could be used to study the working practices of the 
smart home designer within a Straussian approach to grounded theory (Strauss and 
Corbin, 1990 and 1998). There have been some criticisms of research that has 
reported the use of grounded theory. In a review of research papers that referred to 
grounded theory as their methodological basis, Locke (1996, pg. 243) stressed the 
problem that an "anything goes" approach to grounded theory research was apparent 
with violation of "central analytic tenets and operational procedures. " Goulding (2005) 
more recently stated that many grounded theory studies do not follow the key principles 
of theoretical sampling, inductive coding and constant comparison. In a grounded 
theory study it is, therefore, essential to follow a theoretical sampling strategy. 
Like purposive sampling, theoretical sampling directs the sample before beginning the 
research and the data collection may only stop when no new information is 
forthcoming. Knowledge of what the research area will be is also present at the outset 
of the study. However, theoretical sampling can be differentiated from purposive 
sampling. Sampling evolves during the process of data collection and analysis 
(Strauss and Corbin, 1998). But like purposive sampling, "theoretical sampling pertains 
only to conceptual or theoretical development; it is not about representing a population 
or increasing the statistical generability of results" (Charmaz, 2006). Information rich 
cases will be chosen to obtain data from a range of sources in the context of study. 
Unlike purposive sampling, the proceeding sample case will depend on the analysis 
and outcome of the preceding sample case. This is useful when exploring practices as 
a sample can be predetermined like purposive sampling but theoretical sampling is 
cumulative; data build from and add to previous data collection and analysis to direct 
90 
the sample as the study is carried out (Strauss and Corbin, 1998). Emphasis is placed 
on the theoretical sampling being based consciously on the data, not being haphazard. 
However, it is suggested that a careful balance is necessary as a rigid adherence to 
any procedure will hinder the analysis process and stifle creativity in theory 
development (Strauss and Corbin, 1998). 
Some academics propose a specific number of interviews for a grounded theory study 
(i. e. 20-30 interviews, Creswell, 1998). More specifically though, theoretical sampling's 
main emphasis is placed on data saturation, in which case data collection will only halt 
when saturation of the data has been reached, as described by Goulding (2005). 
Glaser and Strauss (1967, pg. 62) describe the point of theoretical saturation, "the 
criteria for determining saturation, then, are a combination of the empirical limits of the 
data, the integration and density of the theory, and the analyst's theoretical sensitivity. " 
5.5 Methodological credibility 
A researcher should be transparent in their use of methods and let the reader be 
persuaded by the, "intellectual and methodological rigour, meaningfulness, value, and 
utility of the result (Patton, 2002, pg. 576). " The credibility of a naturalistic inquiry 
research study depends on three inquiry elements: rigour of methods, researcher 
credibility and belief in qualitative methods (Patton, 2002). The author of this thesis 
has strived to achieve these. 
5.5.1 Rigour of methods 
Lincoln and Guba (1985) summarised the techniques required to establish 
trustworthiness in naturalistic inquiry under four areas of criterion: credibility, 
transferability, dependability and confirm-ability. These naturalistic terms relate to the 
`conventional terms' of internal validity, external validity, reliability and objectivity 
(Erlandson et al., 1993). The four naturalistic inquiry terms will used to describe the 
rigour of the proposed research. 
Credibility 
Triangulation is one method that will lead to the credibility of data. Triangulation 
overcomes intrinsic bias by using different or multiple sources of data and analysis. 
Patton (2002) describes four kinds of triangulation: methods triangulation, triangulation 
of data sources, analyst triangulation and theory / perspective triangulation. This 
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research will utilise methods of triangulation throughout. Analyst triangulation requires 
multiple researchers to analyse the same data, but within the remit of this PhD this was 
not always possible. Specific details of triangulation are discussed in the relevant 
chapters. 
Transferabillity 
Transferability is the question of whether findings discovered in one context can be 
inferred in another context (Patton, 2002). Naturalistic inquiry does not aim to 
generalize data. It is accepted that there are multiple, rather than a single reality 
(Lincon and Guba, 1985). Like purposive sampling, "theoretical sampling pertains only 
to conceptual or theoretical development; it is not about representing a population or 
increasing the statistical generability of your results (Charmaz, 2006). " Purposive and 
theoretical sampling investigates information rich cases to increase the insights, 
understanding and discovery of the heterogeneous population. 
Dependability and Confirmability 
Dependability illustrates that research repeated in the same context would produce the 
same or similar findings. Confirmability is the ability for findings and conclusions to be 
traced back to the data, avoiding the bias of the researcher. The research project audit 
trail leads to dependability and confirmability of findings (Erlandson et al., 1993). 
Lincoln and Guba (1985) discuss the `Halpern' audit trail under six categories: raw 
data, data reduction and analysis products, data reconstruction and synthesis products, 
process notes, materials relating to intention and disposition, and instrument 
development information. The discussion of research methods in the thesis chapters, 
the transparency of the research methods and procedures, detailed descriptions of 
analyses, and research materials in the appendices will strive to satisfy the 
requirements of any audit trail. 
5.6 Conclusions 
This chapter has reflected on the methodological approaches for the proposed 
research through a discussion of the different research aims, methodologies and 
methods of existing smart home research. The conclusions drawn are: 
o The most suitable research design to satisfy the aims of the thesis is a 
naturalistic inquiry. 
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oA number of research methods will be used in conjunction to achieve the aims 
and objectives of this thesis. 
o To maximise the range of perceptions towards the smart home, a purposive 
sampling strategy will be used to examine the needs of the smart home 
technology user. A theoretical sampling strategy will be used to identify the 
needs of the smart home technology designer. 
o To ensure methodological credibility, the researcher will be transparent in the 
use of research methods. 
5.7 Data collection and analysis methods 
The methods of data collection and analysis that were selected for this research are 
listed in Table 5-3, together with the relevant chapter for each research study. The 
methods and studies can be seen in relation to one another in Figure 1-1 on page 6. 
Choice of and how they were administered are discussed in the relevant chapter. 
Table 5-3: Research study data collection and analysis methods. 
Chapter Research study 
Data collection Data analysis 
method method 
2,3,4 Literature review. Review of research Critical review 
literature 
5 Research methodology Review smart home Critical review 
research methodologies 
and methods 
6 Smart home workshops. Focus group discussion Triangulation 
Scenario Emergent 
Brainstorming category designation 
Questionnaire 
7 Home case study Probe study Triangulation 
Semi-structured Cross-case 
interviews pattern analysis 
8 Co-designing workshop Co-designing / 
participatory design 
Expert evaluation 
9 Experiences of the Grounded Theory Constant 
'designer': an interview Semi-structured comparison 
study. interviews 
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Overview of the thesis 
Development of the research objectives 
Chapter 1: 
Introduction 
Literature review 
Chapters 2,3,4: 
Home technology / The future 
home/ Design for the home 
4 
Thesis data collection 
Methodological approaches to 
smart home research 
Chapter 5: 
Research Methodology 
The needs of the smart home technology user 
Chapter 6: 
Smart Home 
Workshops: 
investigating user 
perceptions of 
the smart home 
(n=55) 
Chapter 7: 
Home Case 
Study: 
understanding 
behaviour 
surrounding 
home technology 
(n=12) 
Chapter 8: 
Co-designing 
Workshop: 
embodying smart 
home user 
requirements 
(n=8) 
I 
Thesis data synthesis and research outcomes 
Chapter 10: 
Discussion, implications, 
guidance, for smart home 
industry design practice, and the 
conclusions 
The needs of the 
smart home 
technology designer 
Chapter 9: 
Experiences of 
the 'designer': 
exploring 
experiences of 
industry practice 
(n=18) 
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Chapter 6: Smart Home Workshops: investigating user 
perceptions of the smart home 
6.1 Introduction 
The literature manifests a convincing argument that with technology capability 
advancement, the smart home is imminent and will be the next evolution of the home, 
offering many benefits to the occupant. At the same time, the rapid rate of technology 
development over the past 20 years, that will form the basis of the smart home, has left 
consumers increasingly frustrated with both excessive complexity and redundant 
functionality. To facilitate a better understanding of the situation, for example user 
needs and experiences, eight workshops6 were carried out. It is considered paramount 
that the information captured is from the users directly, utilising user centred methods. 
6.2 Aims and objectives 
This thesis is concerned with the user perceptions and user requirements of the smart 
home, to support industry practice in the development of smart home technology 
products. Two of the thesis objectives (section 5.2) are specifically addressed in the 
Smart Home Workshops: 
" To explore what people want from the smart home in terms of their physical, 
cognitive and emotional needs, 
9 To identify challenges that the design of the smart home must overcome in 
order to meet the needs of different users. 
These workshops aimed: 
1. To establish people's attitudes, expectations and reactions to the `smart home' 
and how they perceive living in such an environment, and 
2. To explore peoples' experiences of existing home technology. 
6 This work was published and presented in a short paper at NordiChi, 2004 (Green et al., 
2004), and in a full paper at the HCI International conference, 2005 (Gyi et al., 2005b). 
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In addition, the findings would provide a focus for the subsequent research in this 
thesis, and feed into guidance to support design practice. 
6.3 Research Method 
6.3.1 Rationale 
Initially, an attitudinal questionnaire survey was considered to be an appropriate way to 
satisfy the study objectives. For example, participants could have rated the perceived 
benefits of a variety of potential and existing smart home applications. However, the 
complexity of the smart home concept and the limitations of a questionnaire (i. e. the 
absence of an opportunity to ask questions and the difficulty in communicating an 
understanding of the smart home concepts) led to the conclusion that this was not 
appropriate. In addition, Morgan (1996, pg 46) states that individuals are often simply 
unaware of their own implicit perspectives, until they interact with others on a topic. 
Therefore, a group discussion based method was considered within a `Smart Home 
Workshop'. Focus group techniques, for instance brainstorms and scenario-based 
discussion, will offer the participants an opportunity to interact with one another. With a 
facilitator introducing smart home concepts, participants are expected to learn beyond 
their own experiences and perspectives creating discussion, and the opportunity for 
them to clarify understanding. This would elicit insights into the attitudes, expectations 
and reactions to smart home concepts and designs that may not come to light using a 
questionnaire. Finally, this was a cost effective way of introducing the smart home 
concept to participants. 
6.3.2 Sampling strategy 
The 2002 General Household Survey shows that home technology adoption varies 
depending on the national statistics socio-economic classification (NS-SEC), the 
household weekly income, household type (size) and if the household is occupied by a 
lone-parent family (ONS, 2002). The two attributes, perceived compatibility and 
perceived complexity, deemed prerequisites for the successful adoption of a new 
product (Solomon et al., 1998 and 2006), will vary according to an individual's values, 
technical sophistication and experience. The adoption of technology is not consistent 
across the population (Rogers, 1995; Norman, 1999), and smart home research 
anticipates different levels of interest from groups of the population (Pragnell et al., 
2000). 
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A purposive and directed sampling was adopted which increases the range of data and 
maximizes the ability to identify emerging themes of interest (see section 5.4.2 for 
further discussion). Five groups were identified to represent very different households. 
These five groups would be homogeneous to allow more free-flowing conversation. 
Broad inclusion and exclusion criteria are presented as follows: 
1. Physically disabled 
This group will include individuals who live independently (not in residential or 
private care) but have `activities of daily living' (ADL) difficulties. It is expected that 
the participants in this group will show the greatest difficulties when interacting with 
existing home technology. ADL difficulties are typically associated with the ageing 
population. To differentiate this group from group 2, attempts were made to 
incorporate younger participants. 
2. Older individuals (over 65's) 
Individuals in this group will be retired and are stereotypically less aware of 
technology products. They fit Pragnel et al. 's (2000) uninterested group for smart 
home technology, but are the group envisaged to benefit the most from home 
healthcare technology. To minimise any over lap with group 1 participants must be 
single or cohabiting in independent housing with minimal ADL difficulties. 
3. Couple households with children 
Participants in this group must be living with at least one child and the parent of the 
child. At least one of the parents must be working. When a home has both adults 
and children, home technology must satisfy needs of multiple individuals with 
different levels of education and experience. In addition, parents with children, who 
also work are likely to have many demands on their time. This is likely to have a 
bearing on their desired and current use of home technology. 
4. Single or couple households, with no children 
This group will consist of households with a single individual or a couple, who work 
full time and have no children. They will not have the physical disabilities, may be 
more open to the smart home than group 2 (Pragnel et al., 2000) and will have less 
people interacting with smart home technology than group 3. 
5. Multiple housemates, not working 
This group will include younger participants, than group four, including students and 
lodgers who live in shared accommodation. This group will typically, currently have 
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a low disposable income, but a high level of new technology awareness and will 
form the future market. 
As the sampling will include participants considered vulnerable i. e. the over 65's and 
people with physical disabilities, it was necessary to seek approval to conduct the 
workshops from the University Ethical Advisory Committee. This was agreed in 
December 2003. 
6.3.3 Smart Home Workshop procedure 
When developing the workshop procedure four key texts were consulted: Erlandson et 
al. (1993); Morgan (1996); Krueger (1998) for guidance on focus group design and 
data analysis; and in the design of workshops with older and disabled participants 
specifically, Barrett and Kirk (2000) and Barrett and Herriots (2003). To ensure a 
consistent approach for all of the workshop sessions, a standard workbook was 
designed (Appendix 1-1). This included an informed consent form, a description of 
each of the workshop tasks with space to make notes, a de-brief questionnaire and 
space for any personal comments. Two researchers conducted the sessions, the 
author acting as a moderator/facilitator, and a second researcher as a `note taker'. The 
note taker was present in all workshops to observe the discussion, take notes and 
reflect with the facilitator on the workshops. The facilitator followed a protocol 
(Appendix 1-2), but topics of interest were probed more deeply when necessary. 
Once the researcher was sure that volunteers satisfied the sampling criteria, 
participants were provided with a briefing sheet explaining the nature of the workshop 
(Appendix 1-3: Participant Information Sheet), a map, details of the location and time of 
the workshop. On arrival at the Smart Home Workshop, the workbook (with consent 
form) was handed to the participants. Once the consent forms had been completed 
and all participants were comfortable the workshop began. 
To stimulate ideas, engage the participants and develop the discussion, the workshop 
was divided into four sections': 
For a detailed discussion of focus group techniques for product design, including: 
brainstorming, scenarios, and focus groups, see Langford and McDonagh, 2003 
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Section 1: Introduction, smart home understanding and brainstorming 
The researcher (who also acted as the facilitator) introduced his background and the 
purpose of the workshop. The smart home concept was introduced to participants 
through a short, comical, animated video clip. The main purpose of the video clip was 
to `break the ice' between the facilitator and the participants. It was not intended as a 
literal example of a smart home, rather an illustration of the extreme preconceptions 
people may have. The literature stresses the importance and difficulty in maintaining a 
dispassionate stance of the study in question to minimise the influence on the group 
interactions (Morgan, 1996 pg 14). In this instance, showing a short video could be 
criticised as unconsciously manipulating participants and collecting bias or skewed 
data. However, when participants discuss experiences that they had not themselves 
encountered or do not even exist it is necessary to show illustrations and examples to 
assist understanding. 
Once the `ice was broken' with the video a more detailed introduction including a 
definition of the smart home concept (Aldrich, 2003) and images of home technology 
concepts were presented to participants. At this point, spontaneous, initial reactions 
and ideas regarding the smart home concept were captured using brainstorm 
techniques. It was considered important that participants had some understanding of 
the smart home concept and the potential of home technology; the workshop did not 
progress until it was judged that all participants had reached this point. 
Section 2: Scenarios 
Three scenarios were used to facilitate and provoke discussion regarding potential 
smart home applications (Appendix 1-1: Smart Home Workshop Workbook). The first 
two scenarios described two typical tasks, controlling the home heating and shopping 
from home. These technology scenarios were intended to engage the participants in 
thoughts about how these tasks would fit in as part of their existing routine. The 
intention was to provoke issues that participants would not necessarily have 
considered previously. The third scenario required the participants to imagine 
themselves in a smart home and how they might want to control their direct 
environment and interact with the home in preparation for a holiday. 
It was expected that the use of scenarios would allow the participants to visualise and 
discuss possible applications of smart home technology without constraints. For 
example, participants were asked to ignore the limitations of existing technology and 
the potential costs of such systems. Ideas incited by the scenarios were discussed and 
built upon; conversation grew encapsulating the perceived positive and negative views 
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of the smart home. To ensure that contributions were captured from all, views were 
documented in each participant's Smart Home Workbook following each scenario 
discussion. When discussion of the scenarios was complete, the researcher presented 
a summary of the key findings on the flip chart for the group to verify. Further 
discussion and clarification of the main points was encouraged. 
Section 3: Designing exercise 
Following presentation of the scenarios and subsequent discussion, participants were 
encouraged to innovate and contribute to the design of the control device(s) for their 
own smart home. Elements such as the physical feel, form, size and aesthetics of the 
device(s) itself were discussed. Through this exercise the functions of such a device 
were also specified. Participants were encouraged to envisage how technology might 
fit into their existing and potential future lifestyle and living space. Examples of smart 
home technology use were explored, as with any predicted interaction that was 
considered necessary. 
Section 4: De-brief questionnaire 
To capture any final comments, all participants were invited to document their 
perceived benefits and concerns in their workbook. This was a useful internal 'check' 
on the qualitative data. As part of the questionnaire, several examples of potential 
applications of smart home technology were presented (Table 6-1). When it was 
required, the facilitator clarified the understanding of these smart home applications. 
Opinions regarding each example were captured using a 5-point Likert scale (1 =I 
would never use this, 2=I may use this occasionally, 3=I am unsure, 4=I would use 
this frequently, 5=I think this is vital). 
Table 6-1: The potential smart home applications used within the workshop de-brief 
questionnaire and rated on a 5-point Likert scale. 
Potential Applications 
Home health monitoring Remote personal Automated food 
trainer ordering 
Monitoring older relatives in their in house communication - Talking to people at front 
home from your home allows house members can door from anywhere in the 
talk as if in the same room home 
Downloading music, films and Diagnosis of problems with The home alerts you of 
TV appliances problems e. g. gas leaks 
Remote control of lighting Automatic meter readings Remote diagnosis of health 
Calendar reminders Video baby monitor Internet homework 
Room `activates' as you enter Monitoring energy use and Remote control of 
cost heating/AC 
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6.3.4 Pragmatic issues 
A pilot workshop was carried out with six participants, firstly, to ensure that data 
collected would address the objectives, and secondly to provide experience of 
facilitating discussion. Participants were also requested to comment on all aspects of 
the workshop. The pilot data were not included in the final data set because changes 
were made to the scenarios and the length of the `ice breaker' video was reduced. 
A number of methods were utilised to recruit participants, such as advertising on both 
physical and online public notice boards; emailing, writing letters, telephoning specific 
interest groups; and personally attending meetings to provide a `recruitment' 
presentation. Specific interest groups included, a disabled swimming group, an over 
65s fitness group, a stroke club, a lunchtime club and many local community centres. 
The workshops were captured on video camera with audio to assist with analysis. They 
were scheduled to last two hours with a twenty-minute break at a convenient moment 
in the schedule, normally after approximately 50 minutes. Notes were made 
throughout the workshop on a flipchart; photographs were taken of these flipchart 
pages to assist analysis. To conclude a workshop, participants were thanked for taking 
part and given the opportunity to ask questions. They were also asked if their personal 
details could be kept to be notified of any future, related research. 
It was an `ethical' requirement that carers should attend the relevant workshops to aid 
participants when completing the written parts of the workshop workbook and to assist 
participants when using the toilet. The necessary practical logistics were put in place 
to provide appropriate parking spaces, access and toilets. 
As a token of appreciation participants were given a gift voucher. Transport costs were 
also met if required. In the week following the workshops, a letter or email was written 
to the participants, thanking them for their time. 
6.3.5 Data analysis 
It was of paramount importance that any analyses would distinguish between what 
participants found interesting and what was considered important (Morgan, 1997, pg. 
62). In the case of smart home technology, the probable initial excitement due to new 
and future concepts does not necessitate a user need or requirement. In light of this, a 
systematic and detailed analysis was carried out. Erlandson et al. 's (1993) description 
of `emergent category designation' for interviews was modified for the workshop data. 
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The modification accounted for group interaction by looking at units of conversation in 
context rather than independently of each other. As described by Kreuger (1998), 
participants may change their viewpoint within a group discussion, therefore, the 
conversation as a whole must be considered. This was considered especially 
important in this study because the smart home technology scenarios were novel, not 
having been experienced by participants. The criteria for whether a point was pertinent 
or not was defined by the frequency (how many times a comment was made), 
extensiveness (how many people agreed with a comment) and intensity (strength) of 
points made (Kreuger, 1998, pg 36). This datum was clarified by the triangulation of 
data, as described by Erlandson et at. (1993). The procedure followed for analysis is 
now described. 
A discussion was held with the note-taker immediately after the workshop and 
important points of interest documented. The note-takers notes, facilitator's flip chart 
notes, participant booklets and video footage provided a rich source of information for 
analysis. The video recordings were first transferred onto a compact disk and copied 
onto the computer, enabling efficient manipulation of the recordings. An abridged 
transcription of each workshop was written from the audio recording. Emergent units of 
conversation were selected when clear and pertinent points were made. When this 
unit was referenced in discussion, views were collated to eventually form a topic. On 
completion of this, to provide an internal check on any emergent topics, data were 
triangulated with individual notes written in the participants' workbooks and the note- 
taker's observations. 
Once the topics for each of the groups had been formulated, comparisons were made 
between them. Depending upon the strength and frequency of the topic across the 
groups, new topics formed, merged or disappeared. The final themes identified were 
consistent across all or the majority of the groups. Once all of the group topics were 
accounted for, the final workshop themes emerged. In the case that sources of data 
within one group did not concur and therefore were not triangulated, the point would be 
noted separately and carried through the remainder of the analysis. If it was not 
apparent in any further workshops it would not be included as an emergent theme. 
6.4 Results 
Following analysis of all the data, eight emergent themes were identified. However, the 
themes are not considered to be independent of one another because some of the 
themes are related: one cannot exist without the other. For example, the smart home 
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can only be usable if it is also reliable. Following a description of the sample and the 
participant's initial reactions to the smart home, the results will be presented under the 
headings of the eight emergent themes (Table 6-2). Quotes illustrate particularly 
strong issues. The findings of the design exercise and the de-brief questionnaire will 
then be presented before a discussion of all Smart Home Workshop results 
Table 6-2: The eight emergent themes following analysis of all workshop 
data. 
Emergent theme 
Cost 
Home security, personal privacy and personal safety 
Usability 
Technical reliability 
Flexibility 
Maintaining independence / Keeping active 
Saving time 
Addressing environmental issues 
6.4.1 Sample 
A total of 55 participants, 27 males and 28 females, took part in eight two-hour 
workshops conducted between January and April 2004. A breakdown of the five 
homogeneous groups according to the segments (section 3.6.1) can be seen in Table 
6-3. Five of the workshops were carried out on Loughborough University campus and 
the remaining three at convenient locations for the participants. 
Surprisingly to the author, it was most difficult to obtain participants for the couple 
households with children group, due to scheduling. It became necessary to conduct 
two workshops. To account for a wide range of needs and physical disabilities, two 
workshops were also conducted with the older individuals and physically disabled 
groups. Twice as many females aged over 65 took part in the older individuals' 
workshops. This was difficult to overcome due to the greater female population in this 
age groups. Carers were present at both of the physically disabled workshops and one 
8 According to the 2001 census for the UK, there is a larger population of females in all age 
categories above the age of 20, above the UK retirement age (65 for men and 60 for women, at 
the time of the census) there is a particularly large gender difference with 1.76 females for each 
male. The gender-divide increases as the population ages (ONS, 2002). 
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of the older individuals' workshops. In the single or couple households group, males 
dominated, this is attributed to a typically greater interest in technology and gadgets, 
which are associated with this topic area. The author is confident that the final sample 
obtained will satisfy the strategy to maximise the ability to identify emerging themes. 
To establish differences in technology familiarity and understanding, participants were 
asked to rate their perceived knowledge of technology on a five-point Likert scale 
(Table 6-4). The total sample showed the typical distribution expected from adoption of 
innovation categories for individuals but across a single group (Rogers, 2003). As 
expected, the multiple housemates group deemed themselves most aware of 
technology but surprisingly three of older individuals described themselves as being 
knowledgeable of technolo gY. 
Table 6-3: Number of participants, gender and number of workshops as a 
reflection of the whole sample (n=55). 
Group Number of Male (N) Female (N) Number of Participants Workshops 
Physically disabled 16 10 62 
Older individuals 15 5 10 2 
Couple households, with 
children 9362 
Single or couple households 8621 
Multiple housemates 7341 
Total 55 27 28 8 
Table 6-4: Group scores for the participant's self-assessment of their knowledge of 
technology, displayed by the percentage of each sample group and actual number in 
brackets (n=55). 
Group 1. No 2. Very little Knowledge knowledge 
3.1 am 
unsure 
4. Know 
most 
technology 
5. Always 
aware of 
new & 
upcoming 
technology 
Physically disabled 19 (3) 19 (3) 43 (7) 19 (3) x 
Older individuals 36 (5) 21 (3) 21 (3) 7 (1) 14 (2) 
Couple households 
x 22(2) 22(2) 44(4) 11 (1) with children 
Single or couple xx 38 (3) 50(4) 12(l) households 
Multiple 
xxx 86 (6) 14(l) housemates 
Total 15(8) 15(8) 28(15) 33(18) 9(5) 
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Participants were also asked to document ownership of consumer technology. The 
technology that showed a difference in ownership between groups is illustrated in 
Table 6-5. Surprisingly, a large proportion of the older individuals own mobile 
telephones (79%) in contrast to their ownership of home computers (no-one). It is 
suspected that this difference is due in part to cost but also the perception by this group 
that a computer is difficult to use and `the need' is not immediately obvious for them. In 
contrast, the usefulness of a mobile telephone is much more intuitive and difficulty in 
use may therefore be ignored. However, the lowest number of households showing 
mobile telephone ownership was the physically disabled group and in this case this is 
attributed to difficulty in usability. Not surprisingly, only two groups owned video game 
consoles, the couple households with children, and those with multiple housemates. 
Table 6-5: Sample distribution of technology (n=55), displayed by the percentage of 
each group and the actual number of participants. 
Group PC/Mac Games Internet Digital 
Standard 
mobile 
Cordless 
Console camera telephone telephone 
Physically 63 (10) disabled 50 (8) x 
25 (4) 56 (9) 56 (9) 
Older individuals x xx x 79 (11) 21 (3) 
Couple households 100 (9) 100 (9) 56 (5) 33 (3) 100 (9) 56 (5) 
with children 
Single or couple 88 (7) 75 (6) x 50 (4) 88 (7) 38 (3) households 
Multiple 100 (7) 86 (6) 71 (5) 57 (4) 100 (7) 86 (6) housemates 
Total number of the 61 (33) 54 (29) 9 (10) 28 (15) 80 (43) 48 (26) 
whole sample 
6.4.2 Initial Perceptions 
For the majority of participants, the smart home was an entirely new concept. In all 
workshops, individuals showed interest and intrigue leading to a lively and wide ranging 
discussion about their perceptions and the potential requirements of such technology. 
This is perhaps unsurprising as participants volunteered for the workshops. 
Nevertheless, comments were not all positive. Following general discussion around 
Aldrich's (2003) smart home definition, all of the groups (except for the older 
individual's group) and most individual participants made a balance of positive, 
negative and constructive comments in all discussions. In contrast, the majority of 
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comments from the older individual's were not enthusiastic. This finding is important, 
as these initial perceptions would have to be overcome to sell the smart home. 
Examples of comments from this group include: 
"I'm alright as I am really" (Female, Aged 65-74, Older individuals group). 
"It's not for us, not our generation, we're not used to it" (Female, Aged 65-74, 
Older individuals group). 
Examples of quotes that illustrate particularly strong themes of discussion from all of 
the groups are: 
"I would have said a smart home will help you have an easier and more 
enjoyable life" (Male, Aged 35-49, Physically disabled group). 
"Will it be as difficult to use as an ordinary computer? " (Male, Aged 50-64, 
Physically disabled group). 
"If it is going to be as difficult as the video you are wiping out my generation" 
(Female, Aged 35-49, Couple households with children group). 
"I get up at 7.00am, maybe my home could run me a bath! " (Male, Aged 18- 
34, Single or couple households group). 
"It's automation of tasks that we would normally just do" (Male, Aged 18-34, 
Single or couple households group). 
"Things that make it easier for you in the house" (Male, Aged 18-34, Multiple 
housemates group). 
"I wouldn't trust the capabilities of the technology yet" (Male, Aged 18-34, 
Multiple housemates group). 
6.4.3 Cost 
In the workshop discussions, participants were requested and encouraged to ignore 
the anticipated expense associated with new technology because of a concern that it 
would overshadow all conversation. However, this issue was so strong that this proved 
impossible. In particular, the older individuals and physically disabled groups 
expressed particularly strong views, anticipating purchases to be expensive and out of 
budget, comments include: 
"Where do you get the money to pay for all of this? " (Male, Aged 65-74, Older 
individuals group). 
"Insurance, if it all goes wrong, who pays for it all? " (Female, Aged 35-49, 
Physically disabled group). 
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All groups, except for the older participants, assumed that the technology to facilitate 
the smart home would be retrofitted into existing homes rather than necessitating 
moving into a purpose built smart home. The older participants found it more difficult to 
imagine the concept of smart home technology in their existing homes, rather, despite 
early discussion they continued to envisage a completely futuristic home adding to their 
anticipated cost. The multiple housemates group discussed potential ways of keeping 
costs down and assumed that `smart home' packages could be purchased to suit 
individual needs, other groups also discussed such packages when individual's 
realised that they would not want the same system as others. 
On top of a concern about excessive initial purchase costs, participants from all of the 
groups were suspicious that the technology would necessitate periodic `hidden' costs, 
borne out of experiences with existing home technology, in particular computers and 
digital media services. This included subscription for services provided by companies, 
software `updates', maintenance costs and, largest of all, replacement costs for 
outdated technology no longer supported or compatible. 
"Will some companies have a monopoly of services? " (Female, Aged 18- 
34, Couple households with children group). 
Showing a positive understanding of smart home potential and great enthusiasm, all 
groups came up with the suggestion that the smart home could contribute to cost 
savings through more efficient energy management and additional knowledge of 
personal energy use. This will be discussed further in Section 6.4.10. 
6.4.4 Home security, personal privacy and safety, and health monitoring 
Home security, personal privacy and personal safety can be discussed independently 
of one another. However, it was clear in the workshops that for these participants they 
were perceived to be related and dependent upon one another. All groups considered 
improved home security to be one of the most important advantages discussed. The 
advantage was perceived to not only come from improved security when the home is 
unoccupied but more importantly, reassurance when the home occupant is present. 
The physically disabled and older individuals group admitted feeling vulnerable at 
home, citing examples of friends and neighbours being `duped' by impostor 
maintenance and service representatives. 
"I wouldn't mind paying extra for more security" (Male, Aged 18-34, 
Multiple housemates group). 
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"That is the main thing [security and crime], when you are in our position 
you feel very vulnerable" (Female, Aged 65-74, Physically disabled 
group). 
The belief existed that home security indirectly improves personal safety by, for 
example, knowing who is at the front door before answering it and assisting the 
identification of individuals. 
"We shouldn't have to let people into our houses (before we know who it 
is)" (Female, Aged 65-74, Older individuals group). 
This feature would also meet other requirements, for example, individuals with a 
physical disability felt that this would provide a way of answering the front door and the 
phone without being present themselves. All groups expressed an interest in wanting 
to, `know that they were safe' and `feeling secure'. This, it was suggested, would be 
achieved not only through improving home security but by the home collecting 
information on the status of technology within the home. For example, "automatic 
locking doors and windows", "cameras to see who is at the door", and "turning off 
cookers and fires. " 
When discussion lead to the potential uses of technology within the remit of home 
health monitoring and tele-healthcare, opinions differed depending on individual's 
within some groups but there were also some strong opinions expressed by groups. 
The older individuals group were negative towards the idea of information being 
available to their family, who they felt had their own lives to lead and would not want to 
concern them. Ironically, the couple households with children and single or couple 
group wanted information about their parent's health to provide help to their family if 
needed. Individuals in the physically disabled group with greater ADL needs all 
expressed an interest in home health monitoring and tele-healthcare and felt `family 
access' to such information would be a great idea. A participant recently fell out of his 
wheel chair and couldn't get back into it. Although his wife was present she was 
unable to help without additional assistance; he felt it would be good for the daughter to 
have the ability to check on them. Another physically disabled participant's mother had 
Alzheimer's disease and wanted to ensure all was well. These findings suggest that 
home health monitoring and tele-healthcare have opposing requirements that will lead 
to functionality based on an individual basis. 
This type of home technology intelligence led individuals in all groups to liken the smart 
home to the `Big Brother phenomenon' and the dystopia of George Orwell's 1984' with 
questions relating to personal privacy and data protection. Typical responses include: 
108 
"Who has access to the information? " (Female, Aged 18-34, Couple 
households with children group). 
"I'm a bit worried about what information other people would be able to get 
into" (Female, Aged 35-49, Couple households with children group). 
Interestingly, participants who judged themselves to have a greater understanding of 
technology believed there to be no added risks with smart homes than present living, 
judging that the risks are already present. These generally younger individual's 
quashed potential data protection issues with an assumption and a laissez-faire 
attitude that solutions would be in place suggesting that "you can limit access" and 
"firewalls" are sufficient. These differing anticipations towards personal data security 
stress that people who are not aware of the sophistication of technology are likely to be 
more cautious towards it. 
6.4.5 Usability 
The participants' understanding of the smart home concept never went beyond the 
assumption that control of the home would be initiated in the same manner of 
interaction they were already familiar with, for example, touch screens, television type 
remote controls and mobile telephones. Therefore, the negative experiences and 
frustrations in the usability of a plethora of existing home and work technology were 
indicative of their expectations from the smart home. For example, the physically 
disabled and older individuals worried that smart homes would lead to uncontrollable 
homes based on experiences with non-accessible hardware and unusable controls. 
Instruction manuals were disliked and redundant: 
"Why don't they (manuals) use simple language? " (Male, Aged 65-74, Older 
individuals group) 
"They (manuals) don't go slowly through things" (Male, Aged 65-74, Older 
individuals group). 
To simplify the learning necessary to control the home, the multiple housemates and 
the couple households with children group suggested the use of pre-settings that offer 
efficient use and minimal interaction but with the option of `tweaking' the pre-settings 
for individual needs. As you would expect, a mix of abilities and confidence with 
technology was apparent. Some individuals even suggested that controlling anything 
outside of their direct environment i. e. the room that you are presently in, would be 
considered unnecessary and if required, too taxing. On the other hand, the option to 
personalise the user interface design and to set individual preferences were perceived 
to be important. This is attributed to a personal feel needed for the technology in the 
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home environment and the assumption that everyone will want different functions (see 
Section 6.4.3). Visual prompts to aid interaction were suggested by the couple 
households with children and the multiple housemates group: 
"If things are designed properly it will just be like pictures. It needs to be 
intuitive" (Male, Aged 18-34, Multiple housemates group). 
The control of the smart home demanded an intuitive, simple user interface that is easy 
to use, offering complete customisable control over what individuals wanted within the 
home. The multiple housemates group highlighted the annoyance of so called helpful 
prompts being suggested by an avatar, typical of existing word processing software 
packages, stressing the preference for simplicity: 
"Must be able to customise the house as simply as possible... need simplicity 
but every option" (Male, Aged 18-34, Multiple Housemates Group). 
All groups expressed strong concerns regarding the initial set-up of the anticipated 
large smart home system. It was stressed that these should be quick and not require 
technical knowledge on the part of the home occupants. It follows that participants did 
not want to have to intervene with the system (i. e. update) on a periodic basis. 
Although, knowledge and some understanding of the functional capabilities of any 
technology was considered a requisite for people to control the smart home intuitively; 
participants in all groups (but especially the older individuals) stressed a lack of 
understanding of existing technology as a major factor in their ability to use it. For 
example, a female in the older participants group said: 
"When / baby sat for my grandchildren (4 and 3), / come to put it on (the VHS 
video player) and I couldn't do it(! )" (Female, Aged 65-74, Older individuals 
group). 
Another male participant in the older participants group emphasised the existing 
difficultly with the personal computer, in a question to the facilitator: 
"Will it be as difficult to use as an ordinary computer? " (Male, Aged 65-74, 
Older individuals group). 
The smart home system was anticipated to be complex leading to the concern that it 
would embody all of the technology troubles that had been experienced to date. To 
overcome these difficulties participants were concerned that they would require some 
training to use the features but regardless of that training, they would rely on technical 
experts frequently assisting them. One reason for these concerns was a lack of 
personal confidence with what is unknown: 
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"Human nature, what you don't know you are frightened of' (Female, Aged 
65-74, Physical disabled group). 
6.4.6 Technology reliability 
As with `usability', concerns for the reliability of a smart home system were founded on 
existing experiences with technology. 
"Technology must be reliable, not break down" Male, Aged 18-34 Single or 
couple households group). 
"Over reliance on technology and electrical systems. Are they susceptible to 
'blocking' as my computer system does sometimes? " (Male, 65-74, Physically 
disabled group). 
Participants also perceived a correlation between the amount of technology in the 
home and a greater chance for technical failure. Four main areas of concern arose, 
these were: hardware back-up, software and data back-up, technology failure and a 
dependence on external support services. All participants stressed the need for 
hardware backup and a manual over-ride for any automated technology in the event of 
a power failure or the system crashing. In the case of a system failure, a data backup 
system was also suggested to prevent any personal information or settings being lost. 
This led to almost contradictory demands for a single smart home system with 
independent components rather than interdependent. Thus in the case of technology 
failure, as expressed by participants, individual components would operate 
independently leaving only a fraction of the system out of use. This was also deemed 
better from a replacement point of view; there is a requirement to replace parts of the 
system rather than the whole system. It is clear that in the current climate any systems 
would not be trusted. A poignant example of this was expressed by one physically 
disabled participant who has automatic doors at home but has never activated them for 
fear of them going wrong and leaving her trapped in a room in the home or the doors 
shutting into her, causing physical harm. 
The final concern was the need for reliance on external support services in terms of, for 
example, system failures, access to the home system from remote locations via the 
internet, software updates and determining functionality of the home. Ideally, the 
majority of participants do not want to intervene with the everyday functioning of the 
smart home either changing personal settings or having to contact support services for 
assistance. It follows that in the event of a problem, they do not want to be forced to 
have to interact with the smart home at a technical level or be deprived of functionality. 
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Preferably, participants want to initiate all interaction with the home, rather than the 
visa-versa. 
6.4.7 Flexibility 
Participants agreed that the smart home would have to operate seamlessly alongside 
typically inconsistent life-styles, whilst providing assistance with everyday behaviours in 
the home at least as efficiently as existing home life. There were three elements to 
flexibility in the smart home context expressed as follows: 
1. Differing expectations 
The majority of participants were happy for the smart home to anticipate behaviour. 
However, some older individuals disagreed as this was considered invasive and 
`scary'. Other concerns regarding a home that could anticipate behaviour or learn 
behaviour included life becoming robotic, limiting flexibility in the home, and 
demanding the occupant to live within a strict routine. Any of these concerns are 
perceived to be unacceptable. 
"(The smart home system) would need adaptation for real life" (Male, Aged 
50-64, Couple households with children group). 
"Independence - don't want the system pre-empting what I want" (Male, 
Aged 18-34, Single or couple households group). 
2. Personal functionality 
The sampling strategy aimed to maximise the differences between groups. These 
data support differences between the homogeneous groups in what functionality 
individual's want to control, where and how they wanted to control it. However, 
there were also similarities between individuals from the different groups, and 
equally there were differences between individuals within the homogeneous 
groups. 
Examples of differences `between groups' include, the younger participants 
anticipated the need for remote access to control their home functionality; the older 
individuals group could not see the point in this, perhaps due to a less busy 
lifestyle. Another example previously discussed in Section 6.4.4 was apparent 
contradictory requirements: older individuals were negative towards the monitoring 
of information being available to their family, whilst the couple households with 
children and single or couple groups wanted information about their parent's health, 
participants typical of older individuals group! 
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Examples of the differences within groups include what children can control within 
the home (discussed below) and the personal preferences for the method of 
interacting with the home system (discussed in Section 6.4.11): 
"Controls on walls, not remote control units that can get lost" (Female, Aged 
18-34, Single or couple households group). 
"I would prefer voice activation, some system asking a question and I am 
responding" (Male, Aged 18-34, Single or couple households group). 
3. Personal method of control 
To satisfy different demands to control the home i. e. physical ability; personal 
preferences based on portability, size of control, preferred interaction; and personal 
functionality (above); all groups anticipated a smart home to incorporate cross- 
platform methods to control the smart home system (discussed in greater detail in 
Section 6.4.11). Demands also depended on the composition of the households. 
For example, households with children will necessitate differing levels of control 
and capabilities for the home occupants. In the first of the following two quotes, it is 
clear that one participant would not want their child to be concerned with some of 
the smart home functionality. In the second example, rather than preventing use of 
the smart home system, the participant feels that their child should be trusted not to 
use functionality that is not necessary. 
"I don't want my children to get bothered with house technology, or to get into 
the areas that are potentially dangerous like the heating or cookers" (Male, 
Aged 50-64, Couple households with children group). 
"There are programmes that she knows not to go near. It is about creating 
trust" (Female, Aged 35-49, Couple households with children group). 
6.4.8 Maintain independence / keeping active 
All groups feared that the extreme concept of the smart home, as described in Section 
6.4.4 and likened to the dystopia of George Orwell's 1984' (Orwell, 1949), could 
contribute to a lazy and obese society. Despite this, the multiple housemates also 
perceived opportunities for the same smart home to improve lifestyle and free time for 
more enjoyable activity by taking over chores in the home. The older individuals and 
physically disabled groups encapsulated the opinions of the remaining groups. 
Stemming from discussion regarding the removal of physical activity within the home, 
they felt that these could be addressed with smart home technology and even better, 
the design of existing technology and the home built environment itself. This they 
suggested would benefit and potentially prolong living independently in the home. 
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Participants unanimously spoke of difficulty with existing technology. For example, two 
older individuals described physical difficulties of opening the window and accessing 
the gas meter: 
"Gas meters are too low" (Female, Aged 65-74, Older individuals group). 
It was suggested that the smart home would provide a solution to some of these 
problems but better design (inclusive design) of the home and existing technology 
would equally overcome many of problems they encounter. 
However, the older and physically disabled individuals were insistent that smart home 
technology should not take away any activity that they enjoy or could still carry out 
because it is these activities (or what the majority would call chores) that keep the brain 
and body functioning. The following two quotes stress the importance of physical 
movement to the older individuals. 
"I have to keep getting up and having a walk round as I get stiff" (Female, 
Aged 75+, Older individuals group). 
"Rigor mortis would set in (if ! did not move around)! " (Female, Aged 75+, 
Older individuals group). 
It follows that independent living should not depend on the smart home technology; 
rather, it should improve quality of life by enhancing or making things a little easier. 
Therefore, the home should not increasingly take over physical activities to maintain 
independence. In addition, some older individuals and older physically disabled 
participants took the view that the smart home would take away the point in living. 
They felt that it is the daily grind that keeps them alive and complete convenience 
would counteract this. 
"If it is so simple and easy, our brains are going to say well what is all this 
about, what are we going to do, why are we here? " (Male, Aged 65-74, 
Physically disabled group). 
6.4.9 Saving time 
Although it is clear that there are individual preferences for the functionality of the smart 
home, the majority of the groups perceived the smart home positively with a potential to 
lead to an improved, more convenient lifestyle and readily recognised the benefits and 
scope for additional free time and more pleasurable activities. The younger 
participants in the multiple housemates and single and couple groups stated that 
having everything accessible at any time and centrally controlled would reduce the 
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number of worries, and that the automation of tasks (especially chores) would free 
valuable time. In addition, a cross-platform control (discussed in Section 6.4.7 and 
Section 6.4.11) was considered by all participants to increase accessibility to the home, 
by enabling them to use any preferred or bespoke device. They envisaged that this 
would improve efficiency and convenience within the home because of the high 
frequency of use and familiarity of the user interface (i. e. a single control device chosen 
by an individual that is used in all locations with all technology in the home). 
Ease of monitoring the home for security reasons led to interest from the couple 
households with children and multiple housemates group to save time, for example by 
proving the means to locate pets and children easily. 
"I can see on a really busy week that it would be absolutely amazing" 
(Female, Aged 50-64, Couple households with children group). 
However, a few of the older participants did not support this view point and felt the 
smart home would be unnecessary and much of the technology redundant. This view 
point is attributed to the lifestyle that they are currently accustomed to. The older 
participants did suggest that this technology would be advantageous and more 
beneficial for their children and grandchildren. Therefore, it is considered that the older 
participants did acknowledge some of the potential benefits of the technology but 
considered it almost `too late' for themselves. Likewise, the younger participants made 
comments that the technology would be great for their grandparents, parents or 
individuals with a physical disability. Interestingly, participants in all groups often 
slipped into thinking about whom the smart home would be good for, rather than their 
own use. 
"We're used to hard work and doing things the hard way" (Male, Aged 75+, 
Older individuals group). 
6.4.10 Addressing environmental issues 
As briefly mentioned in Section 6.4.3 all groups discussed energy efficiency in terms of 
cost savings and the benefits to the environment with great enthusiasm. This was 
discussed alongside an anticipation that energy costs will increase in the future. In 
addition, all groups expressed a strong interest for knowledge of their own energy 
consumption usage and the potential for the smart home concept: 
1. To save money through more efficient energy management, 
115 
2. To gain knowledge of personal energy consumption and, 
3. As a result of 1 and 2, change personal home behaviour and contribute 
positively to environmental concerns. 
However, participants did not express specifically how they would use this information 
or how often they may utilise or access such information. In relation to energy 
efficiency, participants also discussed the potential for smart home technology to 
facilitate saving energy. 
"I would hope the smart home would also have some things to help 
environmental concerns" (Female, Aged 35-49, Physically disabled group). 
"Depending on the usage, (smart technology) could be better environmentally 
because heating can be changed remotely, if you are not going to be around" 
(Female, Aged 18-34, Single or couple households group). 
6.4.11 Design exercise 
In all workshops the issues discussed in the groupings were encapsulated by focussing 
the participants on designing for their own smart home. Ideas and topics covered four 
areas: `What is controlled in the smart home? ', `Who has control of the smart home? ', 
`How is the smart home controlled? ', and if it was relevant, `What should the smart 
home control look and feel like? '. 
What is controlled in the smart home? 
Participants generally did not anticipate constant interaction with the home but rather 
imagined intervening only when needed. The most self proclaimed technically 
knowledgeable group, the multiple housemates worried that too much information, too 
much choice and too much flexibility available from the smart home, would lead to 
worry and excessive home interaction time. The majority of participants felt that, given 
the opportunity to view home security status from anywhere, they would not be able to 
stop themselves from frequently checking their home status. 
"Will there be an addictive tendency, if there are cameras in your house, will 
you sit and watch? " (Male, Aged 18-34, Multiple housemates group). 
This led to the suggestion that this functionality would become an additional 
stress on existing living. 
"lt may make you paranoid... an addiction to what's happening - reality 
TV(! )" (Female, Aged 18-34, Multiple housemates group). 
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"I don't want too much control as I don't want life to become more 
complicated" (Female, Aged 35-49, Couple with children group). 
"I'm a control freak so it wouldn't do for me. I wouldn't have that (the smart 
home) control me(! )" (Female, Aged 65-74, Older individuals group). 
Control of the local environment, specifically the heating and lighting (over all other 
aspects of the home discussed) gained the greatest interest from the majority of the 
groups. Only the single or couple households group considered the control of 
entertainment systems to be a priority. Functionality for the smart home will differ 
according to the user and the needs of the user. 
Who has control of the smart home? 
One concern described by the multiple housemates group as the `share of power, ' 
which was also discussed by the couple households with children group, is `what would 
happen when different people want to control the home', and `whether different levels 
of access would be available to people living in the same home. ' It was concluded in 
discussion that all occupants need differing levels of control of the home in a hierarchy 
according to for example, technical proficiency, confidence and permission (specifically 
children). Another question raised was, who would have the administrator role (and the 
perceived technical ability) to change the occupant permissions and levels of smart 
home control? Some participants were worried about actually having the power to 
change the smart home functions and wanted only minimal/simple interaction with any 
system. Others demanded deep/high levels of control with permission to change 
settings on an ad-hoc basis as they do with their existing personal computer. In 
addition, the issue of family and friends visiting the home was mentioned and whether 
they would or should have the capability to have access to some functionality within the 
house. These problems were not resolved and solutions became quite complicated 
with mixed views on how this would be achieved or whether it would be necessary. For 
example, in the couple households with children group, some parents felt that children 
should be trusted with access to the control of a smart home, whilst others felt that 
children should be protected from the unnecessary complexity and control of home 
technology. 
"If you had a family of four would you give everyone control? Would there be 
one control or one control each? " (Female, Aged 18-34, Couple households 
with children group). 
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How is the smart home controlled? 
Three ways of interacting with the home were introduced in the workshops: physical 
control (pushing buttons), gesture control, and speech control. Gesture control and 
speech control were not discussed in as much depth as physical control. This is 
attributed to participant's existing experience with only physical controls. 
The most popular types of physical control that were brought up by participants were 
individual controls for home devices, a single multifunctional control for all home 
devices and non-portable, room specific controls. As you would expect there were 
many ideals regarding the physical form of the actual device to control the home. 
When asked, the consensus of the physically disabled group was that either a small 
hand held device or a hands-free (voice controlled) personal device would be most 
suitable to aid responding to phone calls and the door. Additional demands were that 
any mobile device must be lightweight and robust to aid carrying. The multiple 
housemates group considered a wireless touch screen tablet to lend itself to `ease of 
changing individual settings' and felt the smart control should, `assume you want to 
change the direct environment around you. ' The majority of members of the single or 
couple group preferred a screen on the wall as the primary means of home interaction, 
and this would be complemented with a portable device of some kind for convenience 
of remote use. However, participants did not want to see `panels everywhere'. 
"I would prefer a multifunctional device, say my television. Work as one 
device that would control everything" (Male, Aged 35-49, Single or couple 
households group). 
If a single home had multiple devices to control it, it would demand a cross-platform 
user interface. The multiple housemates group specifically stated that the control of 
the smart home will demand cross-platform controls that will require generic user- 
interfaces for a universal user interaction method, i. e. the same design of interface 
across all platforms. When discussing the actual interface for a smart home control 
device, to minimise interaction when controlling the smart home, it was assumed that 
user defined modes could be preset. When designing a smart home control user 
interface within the workshops, as the first level of user-system interaction to initiate the 
control the home, all groups envisaged selecting: 
1) Rooms within the home (for example, technology in the kitchen or bedroom or 
living room), and 
2) Functional groupings of home technology (for example, entertainment or 
heating). 
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Gesture control was neither discussed by the older individuals nor discussed in depth 
by any other group. The couple households with children group specifically disliked 
gesture control as they thought children would use this to play; physical controls on 
actual devices in addition to personal remote controls were preferred. 
"Controls on walls, not remote control units that can get lost" (Male, Aged 35- 
49, Single or couple households group, ). 
Speech control of smart home functionality, when discussed, received very diverse 
views depending on the individual. One of the physically disabled participants (male, 
aged 35-59) with support of other members of the group suggested that it would help 
overcome particular mobility difficulties. However, the majority of individuals in all 
groups either, did not anticipate feeling confident enough to use the system, or found it 
difficult to imagine using speech control. It was generally agreed that speech 
commands would be unacceptable unless they fitted natural language rather than 
specific commands or a `question and answer' interaction. 
An interesting remark by a small number of individuals referred to the affordance of 
devices in their home. That is the presence of a device acting as an subconscious 
reminder to carry out a task, for example, a security box near the door reminds the 
occupant to set the alarm when leaving the home. Without the presence of this 
technology (all technology could be `hidden' in a smart home), participants questioned 
whether they would remember to carry out such tasks. 
"My security control on the wall by the front door currently acts as visual 
reminder, else I wouldn't remember to do it" (Female, Aged 18-34, Single or 
couple households group). 
What should the smart home control look and feel like? 
All groups except for the physically disabled group, who deemed `pretty devices' 
unnecessary, wanted the smart home control to fit in with individual preferences for the 
home decor. The single and couple households group spoke of the look of the smart 
home control fitting-in with the changing cosmetics of the home and the fashion of the 
time. This implies that participants either want to change the physical appearance of 
the device or purchase an updated device regularly. The multiple housemates group 
discussed the smart home control looking `cool'. This supports the findings in Section 
6.4.7 where both groups and individuals had very diverse requirements. The couple 
households with children group imagined each control being personal to the room of 
the smart home. For example, their child's control may fit in with the decor of their 
bedroom. An additional advantage of such personalisation is the device intuitively 
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giving home occupants an understanding of whose device is which and preventing 
arguments. This group went on to suggest the controls changing appearance 
according to the time of year, i. e. the four seasons. 
6.4.12 De-brief questionnaire 
Following presentation of the scenarios and subsequent discussions within the 
workshop, ratings were collected from the participants (n=51) on 24 potential 
applications for smart home technology. The questionnaire gives the participants an 
opportunity to independently indicate their preference for smart home technology 
applications. The questionnaire findings should not be extrapolated independently of 
the workshop themes, however, as they may have been influenced by other 
participants in the workshops discussions. Nonetheless, it is interesting to capture the 
preference for smart home technology applications to reflect on the discussions. For 
these reasons, pair-wise comparisons have not been conducted to establish the 
specific differences between groups. Rather, statistical analysis is only used as an 
indication of an effect between groups for the overall attitude towards (i) the smart 
home technology applications and (ii) the particular smart home technology 
applications. 
The de-brief questionnaire data for four of the participants is not included in the sample 
because some of the questions had not been completed. The findings support those of 
the discussion themes. The 24 potential applications of smart home technology are 
listed in the Smart Home Workbook: Appendix 1-1. 
In order to compare the ratings of individual applications of the technology, responses 
were collapsed to produce a three-point indication of opinion: a positive response (I 
would use this frequently or I think this is vital), a neutral response (I am unsure) and a 
negative response (I would use this occasionally or I would never use this). Positive 
responses for the individual applications of technology are shown in Figure 6-1. The 
most positive individual responses were received for home alert technology (80%), for 
example, participants being alerted of problems such as gas leaks and Carbon 
Monoxide levels; the remote control of heating and appliances (78%); and monitoring 
energy consumption costs (69% respectively). 
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To form an overview of group opinion towards smart home technology applications, the 
total mean rating of all smart home areas of application were compared between 
groups (Figure 6-2). The Kruskal-Wallis test for non-parametric, independent samples 
data was carried out to indicate whether any of the differences between groups were 
significant. This is not a pair-wise comparison, which would necessitate a comparison 
of the differences between each group and result in establishing where the differences 
lie, but an indication of whether there was any significant differences overall. The 
analysis resulted in an overall effect (P_<0.01) for the older individuals and physically 
disabled groups to be less positive towards the smart home technology applications. 
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Figure 6-2: Mean total rating for the individual groups towards potential applications 
of smart home technology, measured on a five point Likert scale. 
The group ratings for all of the potential applications of smart home technology were 
compared to examine the data further. The Kruskal-Wallis test was used to investigate 
whether any of the technology applications had significant differences between groups. 
As above, this is not a pair-wise comparison which would result in establishing where 
the differences lie between groups but an indication of whether there was any 
significant differences overall, for each individual technology application. There was a 
significant effect between groups for: communicating school homework by email (P. < 
0.001), downloading music from the Internet (P _<0.01), video 
baby monitoring (P _< 
0.05) and appliance maintenance alerts (P _<0.05), 
for all of which the older individuals 
group gave a low rating. Interestingly, there was also a significant effect between 
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groups for the ability to monitor health at home (P _<0.01), 
for which the physically 
disabled individuals group gave a low rating. 
6.5 Discussion 
The workshops provided a successful forum and comfortable environment for creative 
dialogue regarding the smart home and experiences with existing technology. The 
findings are a result of eight workshops with five purposively different groups of the 
population that included individuals with a physical disability. The objectives that the 
exploratory Smart Home Workshops specifically addressed were outlined in section 6.2 
and are now discussed. 
6.5.1 Experiences with home technology 
Gustafsson et al. (2003) suggested that attitudes towards IT were influenced by 
experience and attitudes towards other technology such as mobile telephones. In the 
smart Home Workshops experiences with existing home technology clearly had a 
profound impact on perceptions of the smart home. Individuals in all groups described 
difficulty in their experience of using digital technology. The perception of the smart 
home was associated with the problems experienced with existing media, including the 
personal computer and the mobile phone. Familiarity, proficiency and experience with 
technology were not consistent for participants, however. The low familiarity with 
`modern technology' of the older individuals group may account for the less positive 
attitude towards the smart home, for their own purposes. This was summed up by one 
participant, "human nature: what you don't know you are frightened of! " Rogers (1995 
and 2003, pg. 14) describes `technology clusters' as, "one or more distinguishable 
elements of technology that are perceived as being closely interrelated. " This suggests 
that technology innovations that diffuse at the same time in a social system are related. 
An association between the smart home and existing technology was clearly made by 
participants. Companies developing the smart home must then endeavour to regain 
people's confidence trust following their negative experiences of technology hitherto. 
In addition to negative experiences with existing technology, new concerns for the 
smart home emerged and are discussed in Section 6.5.2. 
The problem experienced by older individuals in the use of existing technology, and 
also expressed by all participants, reiterates the need for better design of technology 
products generally (Buurman, 1997). For profit reasons, however, the technology 
industry emphasis is always on new and more sophisticated technology development 
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that will augment the existing environment. A small proportion of this development 
strives to overcome the challenges of physical and cognitive decline in older age. This 
drive for bigger and better technology, however, may actually be deflecting from the 
problem of poor physical design of the built environment and home technology. There 
is a question, therefore, of whether the redesign of existing technology and a more 
appropriate built environment would provide a better solution than an emphasis on new 
technology development. It is clear that Buys et al. 's (2005) smart home, which 
emphasises the more appropriate physical design of the home, provides many of the 
benefits that technology has proposed to offer in the vision of the smart home, without 
additional digital technology. The intelligence of Buys et al. 's (2005) smart home is in 
the physical building design of the home and will not create revenue for technology 
companies, however, and does not provide a mechanism for them to make money. 
Redesigning the home is a realistic option for new homes but not for the mass of 
existing homes, where it is more suitable to retrofit technology. 
6.5.2 People's attitudes and perceptions of the `smart home' 
Initial reactions to the smart home are indicative of the challenges that smart 
technology must overcome from the consumer's perspective. It was assumed that the 
idea of smart technology and the smart home concept would face a natural resistance 
when proposed in the workshops. However, individuals within all groups (apart from 
the older individuals group) discussed both positive and negative aspects of the smart 
home. In contrast to Demiris et al., (2004), the older individuals group, made up of two 
separate workshops, were not as positive towards the smart home as other groups. 
This is not to say that the older individuals in this study would be inclined to reject 
technology if it was to maintain their independence, but rather the smart home seemed 
like a big leap from their existing living environment. 
Demiris et al. (2004) reported a positive attitude towards technology from older adults 
but the study sample was a population of `retired well-educated older adults from the 
upper middle-class income bracket'. As presented in the literature review (Section 
2.1.3), home technology adoption is not as prevalent within homes with a low national 
statistics socio-economic classification (NS-SEC) or a low weekly household income. 
The preoccupation that the older individuals had with cost and their less positive 
perception and attitude towards technology may be a reflection of NS-SEC. In 
addition, contrary to Demiris et al. (2004) whose sample had `an active socialization 
network as expressed by the high percentage that used email and the World Wide 
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Web', none of the older individuals' group in the Smart Home Workshops had personal, 
in-home access to a personal computer, the Internet or a digital camera. The higher 
familiarisation with technology of Demiris' et al's sample perhaps accounts for the 
differences between the two findings. For the Smart Home Workshops research study, 
participants were not asked to reveal detailed and specific information to establish their 
NS-SEC, as this was considered to be private, but in the future it would be advised to 
collect this information. 
Conversely to the older individuals groups, the older individuals in the physically 
disabled group had a positive attitude towards technology. This could be attributed to 
one or some individuals presenting and sharing particularly positive examples of 
technology experiences to the rest of the workshop. This could then have resulted in a 
positive perception of the smart home. Another reason for a positive attitude could be 
the familiarity of assistive technology being associated with the perceived benefits of 
the smart home. Similarly, the negative attitude from the older individuals group may 
be related to not having insight for the benefits of the smart home or not wanting to be 
seen to require `help'. Like the older individuals group, the physically disabled group 
was made up of two workshops. These findings suggest that it is the individuals 
themselves who perceived the benefits of the smart home rather than the influence of 
the group. For example, some individuals from the physically disabled group strongly 
perceived smart home technology as offering them a means to cope with their 
disability. 
Research to identify the adopter of the smart home varies by identifying groupings by 
dictating an age boundary (Pragnell, et al., 2000), macro level groups that incorporate 
the `niche market' and the `generic market' (Aldrich, 2003), to more complicated 
adopter of technology/innovation models that are independent of age (Norman, 1999; 
and Rogers, 1995 and 2003). This research followed an inclusive approach and aimed 
to maximise the identification of user needs by using five homogeneous groupings of 
participants. Differences in the perception of the smart home varied between 
individuals that were within and between the groups. This suggests that the 
differentiation used for this research alone (the five homogeneous groupings) does not 
represent a suitable model of the smart home adopter. For example, physically 
disabled participants were also representative of the other groups, i. e. a working 
female and an older individual with a physical disability would be placed in the 
physically disabled group. The groupings did provide insights into specific needs of the 
five household types, nonetheless. Due to the differences within and between groups, 
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the attitudes and perceptions of the individuals towards the smart home in this study 
appear to support Rogers (1995) and Norman's (1999) more complex models of 
adopter of innovation groupings. 
With either of Rogers (1995 and 2003) and Norman's (1999) models of innovation 
adoption, you would anticipate differences between and within the five homogenous 
groups. Nonetheless, there were some unanimous perceptions and attitudes towards 
the smart home. This does not mean that the models of innovation adoption are wrong 
or that by chance individuals in a workshop are representative of either Rogers (1995) 
and Norman's (1999) adoption of innovation groups. Rather, the attitudes and 
perceptions of the smart home are only that and do not necessitate that individuals will 
purchase and adopt the new technology. The aetiology of the successful diffusion of 
the smart home is dependent on the presence of the five attributes of diffusion of 
innovation: relative advantage, compatibility, complexity, trialability and observability 
(Rogers, 1995 and 2003). In all of the Smart Home Workshops participants were 
preoccupied with the monetary cost of technology, but it is not possible to draw from 
the findings which attributes of the smart home, as an innovation, need to be present to 
overcome cost. Interestingly, despite the promise of benefits, the perception from the 
older individuals group that smart home technology 'is not for them', but rather is for 
their grandchildren's generation, is perhaps borne out of modern technology not being 
marketed to the older individual. This is fitting with the `compatibility' attribute of 
diffusion of innovation, for which the technology must match the lifestyle of the 
participants. Clearly the older participants, considered the smart home to be 
compatible with other people's lifestyle rather than their own. All of the other groups 
had a positive attitude towards the smart home and it can be considered that they saw 
some `compatibility' with their own lifestyle. 
Households with multiple persons (couple households with children and multiple 
individuals group) discussed who would be allowed access to the main smart home 
system and what would happen when there are multiple individuals in a room with 
different demands on the home technology. Due to a concern for privacy in the smart 
home, also reported by Demiris et al. (2004), the smart home was expected to maintain 
privacy and restrict access to personal information in a similar fashion to the personal 
computer (user profiles and passwords). The couple households with children group 
expressed the additional need for maintaining some functionality away from children. 
Many of the current laboratory smart homes aimed at supporting independence are 
developed to study user-system interaction surrounding a single individual (e. g., Perry 
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et al., 2004); in other examples this is to reduce the technical sophistication needed for 
the home (e. g., Mozer, 1998). However, this finding shows the importance and 
complexity of systems that will be integrated into a home with multiple occupants. Not 
only will some functionality be specific for particular individuals, such a feature will 
potentially make such `rules' of functionality, which may by currently kept from children, 
less transparent. 
6.5.3 Physical, cognitive and emotional needs of the smart home 
The smart home literature emphasises the benefits of improved well-being and 
maintaining independence for older individuals (Bierhof, 2007; Demiris, et al. 2004; and 
Van Berlo, 1999). With improvements in technology sophistication, it is hoped that it 
will contribute and support individuals to overcome the ageing related decline of 
physical and cognitive faculties. The findings from the Smart Home Workshops 
suggest that older individuals find it difficult to perceive the benefits of smart home 
technology, and despite anticipating benefits, these individuals do not necessarily want 
the technology. Rodin and Langer (1977) showed that the removal of choice and 
personal responsibility in a nursing home could lead to diminishing health. Maintaining 
activity, choice and responsibility in older age in any form, therefore, could be 
hypothesised as leading to well-being and health. When developing `smart domestic 
devices', Hamill (2006) recommends that designers follow two rules. The first rule that 
"smart domestic devices should put people firmly in control" is certainly supported by 
the hypothesis and the findings of the Smart Home Workshop study. 
If the results of Rodin and Langer (1977) were extrapolated to the smart home, the 
hypothesis would suggest that a home that makes choices and removes the need for 
physical activity could increase the cognitive and physical decline of that individual in 
older age. The Smart Home Workshop findings suggest that individuals were 
conscious that keeping mentally and physically active would contribute to their own 
well-being. Older and physically disabled groups (individuals who find physical activity 
most difficult) preferred to maintain activity in the home. Specifically, older individuals 
expressed the need and importance of moving around the home to prevent joints 
stiffening. 
As discussed, the older individuals group was not as positive towards the smart home, 
perhaps due to the mismatch between the compatibility with their own lifestyle (Rogers, 
1995 and 2003), but they happily discussed how useful the technology would be for the 
younger generations. Whilst the younger generations discussed how useful it would be 
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for older individuals, akin to the older individuals group. However, there were 
contrasting positive and negative views regarding adopting technology to support 
personal health and safety. The contrasting views may be attributed to the affect that 
technology will have on ones perceived control, privacy, and independence. On one 
hand, a physically disabled participant who specifically expressed welcome for such 
technology may perceive this technology to be empowering. Demiris, et al. (2004) and 
Kow and Helander (2005) reported participants who perceived technology to be a 
mechanism to support independent living. On the other hand, offering ones family a 
means to know whether their older relatives are behaving in a normal manner may be 
perceived as a step towards more dependence on family. A feeling of helplessness 
can result from a perceived lack of control and consequently, negatively influence self- 
esteem and eventually health (Seligman, 1975). These subtle differences of attitude, 
individual perceptions, physical and cognitive differences in need (for example the 
physically disabled groups), perhaps, in these circumstances, necessitate an individual 
model of health technology to meet individual requirements. Rather than a one size fits 
all solution. It appears that there was a delicate compromise between: 
o An individual's desire to maintain independent and active living without the need 
to adopt technology or ask for support, and 
o Adopting technology, to support independent and active living and overcome 
physical disability and the onset of age related cognitive and physical decline. 
Previous research (Gustafsson, et al., 2003) also reported juxtaposition between two 
attitudes towards IT technology but in young IT users (aged 18-24): feelings of freedom 
and efficiency vs. restrictions on living space and of intangibility. Gustafsson, et al. 
(2003) attributed the feelings of intangibility to experiences of a lack of control. The 
lack of control anticipated by the older and physically disabled groups are deep rooted 
and related to more fundamental activities and functions however. 
A concern for usable user-system interaction supports Demiris et al's (2004) reported 
requirements for user-friendly smart home control. Despite contrasting functional 
needs for the smart home, participants reported that they do not want to frequently 
interact with the smart home system. The control for the local environment, specifically 
the lights and heating, gained the greatest interest in discussion from the majority of 
the workshop groups. This was supported in the de-brief questionnaire, most interest 
was for a home alert, the remote control of air-conditioning and heating, information 
regarding energy costs, and remote control of lighting. This contrasts the existing 
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smart home market discussed in section 2.2 that emphasis entertainment technology. 
Participants were concerned that the opportunity to access information related to the 
security of the home remotely would increase stress. Hindus et al. (2001) expressed 
the importance of enhancing existing behaviour, not burdening it. The interest of the 
groups in controlling only the local environment: heating, lighting and energy 
management (information regarding energy use and cost) is curious. Lighting and 
heating control is, at least, perceived to be simple, additional control may make it more 
complex. It is also interesting considering the stereotypical emphasis and interest in 
entertainment technology. Only the single or couple households group considered 
entertainment systems to be a priority. 
The Smart Home Workshops participants specifically stated that they would not want to 
have to live within a routine, and demanded flexibility. Mozer (2005) describes three 
benefits of The Adaptive Home or `ACHE'. The first benefit is based on the home 
occupant's conceptual model of ACHE's model of inhabitant behaviour. The inhabitant 
regulates his behaviour to accommodate the smart home system model. Secondly, 
ACHE helps the inhabitant to use his time more efficiently; an announcement is made 
when more than five minutes is spent in any room. Thirdly, ACHE educates the user 
with regard to energy use. This involves interrupting the inhabitant when he is carrying 
out an action if it is not considered efficient. Whether these three `benefits' are actually 
beneficial was questioned in the author's literature review (Section 3.3.4). Although 
these benefits do not take control away from the participant, the first benefit implies that 
the participant will begin to structure his behaviour around the home system and lose 
his flexibility. This directly contradicts the findings of this research study, although 
participants do not want infinite flexibility. The third benefit, however, would satisfy the 
theme of the smart home addressing environmental issues. The second benefit of 
Mozer's (2005) ACHE contradicts Hamill's (2006) second rule for designers that `smart 
domestic devices should as far as possible be unseen and unheard'. The findings of 
the Smart Home Workshop, however, demand a customisable system that would allow 
the occupant the option of such functionality. The problem with giving this 
responsibility to the user would be ensuring that the home occupant understands that 
this functionality is available and optional. 
6.5.4 Challenges for the designer of the smart home 
The findings of this research indicated that the user-system interaction to control the 
functions of the smart home demands some visibility. This is contrary to Hamill's 
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(2006) second rule for the design of smart domestic devices that `smart domestic 
devices should as far as possible be unseen and unheard'. It was clear that the 
visibility of technology in the home provides a reminder to the home occupant to carry 
out a specific action. For example, the security box positioned near to the home front 
door provides a subconscious reminder to set the alarm. It was inferred that this subtle 
reminder is necessary for some individuals' to carry out a specific task, as prototyped 
by Intille's (2002) Teaching Home. Based on monitoring of real time actions and 
objects, the Teaching Home (Intille, 2002) provides subtle suggestions for the actions 
of the home occupant. It is necessary to know the appropriate suggestion and best 
methods for their execution. For example, if one household member assumes that the 
gas cooker is turned off automatically, but another member of the home had disabled 
that automatic function, could this cause a fire? Also would the responsibility rest with 
the individual who turned the automatic system off, the individual who assumed that the 
cooker would be automatically turned off, or the company that designed the system? 
6.6 Conclusions 
The following conclusions are supported by this study. 
1. All individuals had some positive perceptions and attitudes towards the future 
smart home. 
2. Participants described negative experiences towards existing technology. 
Negative perceptions and attitudes towards the smart home were a direct result 
of the legacy of existing technology. For the smart home to be a success, the 
benefits and requirements must first out-weigh the anticipated disruption, fear 
and lack of confidence left by the legacy of existing home technology. 
3. The older individuals group was not as positive as other groups towards the 
smart home, often suggesting that it was more suitable for their grandchildren's 
generation. This has been attributed to their lack of perceived personal 
compatibility with the smart home. 
4. An emphasis was placed by all individuals on maintaining control of their life, 
and in this study, specifically the home (supporting Hamill's (2005) first rule for 
designers). Therefore, participants demanded total flexibility of their routing and 
the user-system interaction, through customisable control and functionality in 
the home. 
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5. People don't want to lose existing and dedicated control for individual 
technology products. 
6. Half of the physically disabled participants expressed that smart home 
technology would enable them to cope better with their physical disability. 
7. Older individuals and the physically disabled groups were more than acutely 
aware of the importance to stay active, in part to delay the onset of physical and 
mental decline. This created a juxtaposition of wanting to maintain control of 
the home but also wanting technology to prolong independence 
In addition, the important question arose as to whether technology development 
towards the smart home has actually overshadowed the greater importance of 
designing technology and the built environment more appropriately for the home 
occupant. 
6.6.1 Subsequent research study 
It is proposed that richer information is required to investigate existing technology 
further and the needs and requirements of individuals in the context of their own home. 
A deeper understanding of the home and home technology will help provide much 
needed detail and examples of existing home technology use and user perceptions of 
the smart home. Observing the uses of technology within the home are potentially 
more revealing than discussion between individuals in a neutral environment. Home 
alert (health), the control of air-conditioning, lighting, heating, and information relating 
to cost and energy usage (energy management) were all identified as a priority by the 
Smart Home Workshops participants. It was decided to focus on lighting, heating and 
energy management, as these were most interesting for the CIHE project. 
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Chapter 7: Home Case Study: understanding behaviour 
surrounding home technology 
7.1 Introduction 
Chapter 6 investigated a broad range of participants and their reactions towards the 
smart home. Eight themes emerged for the smart home and potential applications of 
smart home technology were identified (Table 7.1): 
Table 7-1: Smart Home Workshop emergent themes and challenges. 
Theme Challenges 
Cost " Despite being asked, participants' found the cost of home 
technology impossible to ignore. 
Home security, personal " Personal, physical and information were perceived to be at risk. 
privacy and safety, and 
health monitoring 
Usability " Participants did not want to lose dedicated control of technology. 
Technology reliability " Existing negative experiences must be addressed with the smart 
home. 
Flexibility " Smart home should not restrict routine. 
" Smart home system should be customisable. 
Maintain independence / " Juxtaposition of empowerment vs. losing control. 
keeping active " People do not want activity removed. 
Saving time " Anticipated to free time for other activities. 
Addressing " Environmentally friendly lifestyles should be supported. 
environmental issues 
Lighting, heating and energy management were all identified as a priority for the smart 
home by participants attending the Smart Home Workshops (Chapter 6), and selected 
to be the focus of this study. In order to build upon the findings of Chapter 6, and to 
capture rich information about existing usage and behaviour surrounding home 
technology in real homes9, a Home Case Study was conducted. 
9 This work was published and presented in a full paper, Green, W., Gyi, D. E., Kalawsky, R. S. 
and Atkins, D., (2006), at the 16th World Congress on Ergonomics, International Ergonomics 
Association 2006 (IEA2006). 
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7.2 Aims and objectives 
This thesis is concerned with the user perceptions and user requirements of the smart 
home, to support industry practice in the development of smart home technology 
products. The main aim of the Home Case Study was to explore the findings of 
Chapter 6, and to further address the thesis objectives (section 5.2), specifically: 
9 To explore what people want from the smart home in terms of their physical, 
cognitive and emotional needs. 
" To identify challenges that the design of the smart home must overcome in 
order to meet the needs of different users. 
Based on the findings of Chapter 6, the first objective will in part focus on peoples' 
usage and needs of home lighting, heating, and energy management. In addition, the 
Home Case Study aimed: 
1. To explore peoples' real experiences with, uses of, and personal values 
attached to home technology. 
2. To gain insights into smart home technology design. 
Findings of this study will shape the focus for the subsequent research study when 
participants will create a control for their smart home within a co-design workshop. 
7.3 Research method 
7.3.1 Rationale 
In the home (unlike in the workplace), the common orientation for a shared objective is 
lacking. There are, rather, disparate concerns that vary between households 
depending on many personal and cultural factors (Crabree and Rodden, 2004). This 
leaves a need for contextual sensitive approaches in the design of technology for the 
home. The importance of capturing requirements in an individual's own home is clear; 
it is here that researchers can begin to understand personal values. 
Research in real homes hitherto, has been conducted with a number of different goals, 
including: to gain insight into, and an understanding of, domestic patterns and routines 
(e. g., Crabtree and Rodden, 2004; Hughes et al., 2000; O'Brien and Rodden, 1997; 
Tolmie et al., 2002); to gain an understanding of existing technology use (e. g., 
Venkatesh et al., 2001); and to evaluate new technology, once it has been 
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implemented into new homes (e. g., Junestrand and Keijer, 2000; Sandstrom et al., 
2003). The knowledge gained from these studies aimed to support the development of 
this technology by identifying behaviour surrounding technology, (e. g., Crabtree and 
Rodden, 2004); to develop new technology prototypes, (e. g., Hindus et al., 2001; 
Taylor et al., 2007); and to produce guidance and identify challenges, for the 
development of smart home and tele-healthcare technology (e. g., Edwards and Grinter, 
2001; Forlizzi et al., 2004). Much of this research employed data collection over a 
number of visits to the same home, utilising a number of research methods aimed at 
collecting in-depth rich data, for example, cultural probes (Gayer, Dunne and Pacenti, 
1999), interviews, technology probes, video observations and `in situ in vivo' 
observations. 
The home is often perceived as a difficult domain to explore in first-hand observations, 
but there is also literature that refutes this to be a misconception (Crabree and Rodden, 
2004). They state that the home as a domain is considered `private' as opposed to 
`public', but stress that places of business are also `private' to outsiders and require 
overcoming `red tape'. The home was not anticipated to be anymore difficult than the 
workplace to access for study. 
7.3.2 Sampling strategy 
As already discussed in Chapter 6, needs, attitudes and expectations towards the 
smart home concept are not expected to be homogeneous across the population. It is 
vital that technology products are not only desirable but also accessible to the whole 
population in terms of functionality and usability. Ethnographic research in relation to 
home technology design is considered user-centred because the emphasis is placed 
on the home occupant, learning from human behaviour in the home to support the 
design of home technology. An inclusive and user-centred approach to the sample 
was taken for this study to identify broad design requirements. For further discussion 
refer to Chapter 6, Section 6.3.2. 
Purposive and directed sampling increases the range of data and maximizes the ability 
to identify emerging themes of interest. Five segments were identified in Chapter 6, 
representing very different lifestyles. The five segments are as follows, broad inclusion 
and exclusion criteria can be seen in Chapter 6, Section: 6.3.1. 
1. Physically disabled 
2. Older individuals (over 65's), single or cohabiting 
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3. Couple household with children 
4. Single or couple, no children, working 
5. Multiple housemates, not working 
The Smart Home Workshop workbooks (Chapter 6) were reviewed, leading to a list of 
20 participants that stated they would be interested in further research. All of these 
participants were contacted and 14 agreed to take part, living in different types of 
homes within five segments. These participants were already familiar to the researcher 
and had been introduced to the concept of the smart home. This is considered 
particularly important when conducting research in people's home, to relax participants 
at later stages in the study (O'Brien and Rodden, 1997). 
The sample included participants who are considered vulnerable, i. e. individuals aged 
over 65, people with physical disabilities, and as the study will be conducted in 
individual's homes, it was again necessary to seek approval from the University Ethical 
Advisory Committee. This was agreed in December 2003. 
7.3.3 Home Case Study design 
The home is fundamentally different to the workplace, and conducting research in the 
home is open to a number of practical considerations (Hindus, 2001; Crabree and 
Rodden, 2004). To overcome some of these practicalities and to meet the objectives, 
a three-staged approach was taken for data collection. Individual participants will 
constitute a case study, and in addition the individual cases considered together will 
form a collective case study. Analysis will therefore involve both individual case 
studies and a collective case study. The three methods of data collection for the Home 
Case Study are: 
1. A Probe Study. 
2. A Home Interview. 
3. A Co-design Workshop (presented in Chapter 8). 
By utilising probes, participants can document their lives, contexts and experiences, 
without the researcher having to be present (Mattelmaki and Battarbee, 2002). In this 
particular case, probes will capture information and insight into participant's home 
behaviour in relation to their home technology. This will give the researcher a context 
for the subsequent Home Interview. 
Following the Probe Study, Home Interviews will be conducted with each of the 
participants in their home. In-depth, exploratory, semi-structured interviews with open- 
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ended questions will be used as a means of data collection to capture the rich, 
personal experiences behind the findings in the Probe Study. The interviews will be 
free-flowing and flexible in the sequence and wording of questions, allowing the 
opportunity for discussion to be extended into areas that may be potentially relevant to 
the study. This may also offer insight into a participant's deeper understanding of 
different technologies. 
Following a review of the Home Interviews, participants will be invited to attend a Co- 
design Workshop, aimed at generating and communicating needs for smart home 
technology. This is discussed in Chapter 8. 
7.3.4 Design of the Probe Study 
When developing the Probe Study procedure and `Probe Study pack' four texts 
provided specific insight: Gayer et al. (1999), Hemmings et al. (2002), Hutchinson, et 
al., (2003), and Soronen and Sotamaa (2004). 
Examples of 
Fob device technology 
for task 3. for task 2. 
Probe booklet. 
Stickers for 
. """ý task 2. 
Figure 7-1: Participant `probe pack' including probe booklet, Fob 
device and stationary. 
A probe study is a challenging research method since it produces diverse and 
fragmentary data (Soronen and Sotamaa, 2004). In this study, the probe tasks will 
provoke the participant to think about the home and behaviours. A `Probe Pack' 
(Figure 7-1), was given to the participants: 
1. A Probe Study booklet (Appendix 2-1) 
2. A Fob device, as an example home control device, to facilitate imagination. 
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3. Stickers and stationery to complete the tasks. 
The Probe Study booklet included: 
" General information and instructions regarding the Probe Study; 
" An Informed Consent Form; 
0 Researcher contact information; 
"A questionnaire referring to the Probe Study activities themselves; and 
" Instructions to complete and an explanation of the five tasks. 
Participants were asked to complete the Probe Study over a five-day period, which 
must include a weekend. The five Probe Study tasks are now explained: 
Task one - lighting and heating use 
Participants were requested to record the use of their lighting and heating on a sheet 
placed on the switch (Figure 7-2) for five consecutive days (including a weekend). 
Upon use of the light switch, participants were asked to indicate the time and whether 
the light was being switched on or off. A card was also attached to the thermostat, 
thermostatic valve on a radiator or/and central heating boiler control to record any 
changes in state (Figure 7-2: right). Nonetheless, frequency of lighting and heating use 
will not be presented in the task findings, as the purpose of the task was only to 
stimulate discussion, and to prompt participants to consider their own behaviour in 
ways that they had perhaps not done previously. It is also intended that this will 
stimulate participants to identify their own user requirements for the smart home for the 
subsequent co-design workshop. 
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Figure 7-2: An example of the lighting card (left) and heating card (right). 
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Task two - The most active floor in `My home'... 
Participants drew out a sketch of one floor within their home; this was the most active 
floor in the home, i. e. the one which they used most frequently. On this, they were 
asked to indicate the names of the rooms, primary function within the rooms and 
highlight where the doors and windows were situated. A transparency was placed over 
the sketch on which stickers were attached. The stickers were positioned to document 
where and what type of technology was situated within the room. 
Again, the participant's sketches will not be presented in the task findings, as the 
purpose of the task was to stimulate discussion, and to prompt participants to consider 
their own behaviour in ways that they had perhaps not done previously. It is also 
intended that this will stimulate participants to identify their own user requirements for 
the smart home for the subsequent co-design workshop. 
Task three - When I press the buttons on my future control device I want it to... 
A Fob device was provided as an example of a future control device, to stimulate ideas 
about the possibilities for future smart technology. This device was presented with 
some short futuristic scenarios to facilitate imagination for the context of use. The short 
scenarios gave examples for safety in the home, security in the home and automation 
in the home. Questions were included in the booklet to stimulate thought regarding the 
use for the future control device. For example, in an ideal world, what would you want 
the buttons to do; when would you use it; where would you keep it? 
Task four - My technology products... 
Participants were asked to identify their favourite, least favourite, oldest and most 
recent technology purchases. They were informed that the researcher would like to 
take photographs of these on the next visit. 
Task five - De-brief questionnaire 
On completion of the tasks, participants were asked to document any comments they 
had on their Probe Study experience. 
7.3.5 Design of the Home Interview 
Following the Probe Study, a Home Interview was conducted. The Probe Study 
booklets were reviewed to provide a base and context for the Home Interviews. A 
protocol (Appendix 2-2), based on a template but containing points of interest for each 
individual as a result of the Probe Study booklet review, was followed to maintain a 
consistent approach between participants. The interview was split into two main areas 
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of discussion, a follow-up of the probe study and an investigation of perceptions 
towards potential smart home technology devices. 
The follow-up of the probe study was structured around the five tasks in the probe 
booklet. This allowed the same topics and issues to be broadly discussed for each 
Home Interview. Participants were led through their Probe Study booklet with the 
researcher asking specific questions relating to each task, filling in any gaps and 
allowing deeper investigation and a richer understanding of any points of interest: detail 
evolved around specific, individual insights. It was essential that the follow-up interview 
validated the Probe Study data. Checking and triangulating the data in this manner 
ensured the quality of information gathered from the Probe Study and Home Interview. 
The second aspect of the interview was based around the interaction between the 
participant and their home as a potential smart home. The aim was to stimulate ideas 
about future home technology use, rather than to design a home interaction device 
specifically. The latter would be a basis for the Co-design Workshop (Chapter 8). 
Discussion evolved around insights gained from the Probe Study about their 
technology use, functionality and different methods to interact with smart home 
technology. Complete flexibility in the order of the questions allowed new areas of 
discussion to be uncovered. 
7.3.6 Probe study and home Interview procedure 
1. Selection of participants 
2. 
3 
The list of twenty participants was drawn up and each contacted by a letter or 
email containing a Participant Information Sheet (Appendix 2-3) introducing the 
research and what would be expected of them should they agree to take part in the 
study. They were advised that they would be contacted by telephone two days 
later when they could ask for additional information about the study, and indicate 
whether or not they were willing to participate. Participants were made aware that 
all members of a household would have to take part in two of the tasks. 
Participant confirmation 
Fourteen participants confirmed that they would participate. A date and time for 
delivery of the probe pack was arranged and directions to the participant's home 
gained. A letter or email was sent to confirm this. 
Pilot study 
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For safety reasons, a colleague of the researcher was always informed of the time 
and location of a Home Interview. A pilot was conducted with one participant to 
evaluate the efficacy of the Probe Study and Home Interview design and is not 
included in the final data set. 
4. Probe pack delivery and explanation 
The `probe pack' was hand delivered to the participants' homes and the contents 
and tasks discussed with each individual to ensure they were happy and 
understood their role. If multiple members of the same home were not present, the 
researcher was assured that information would be passed on appropriately. Once 
the Informed Consent Form (Appendix 2-1) had been understood and signed, the 
task one lighting and heating cards were set up appropriately and the participant 
was left with the probe pack. Arrangements were made to collect the completed 
probe pack at a convenient time after the five days of the Probe Study, and a date 
and time agreed for the Home Interview. 
5. Probe pack collection 
After the five days of the Probe Study, the completed probe pack was collected 
and the date and time for the Home Interview confirmed, preferably within seven 
days of completion of the Probe Study. At this point, it was reiterated that a friend 
or relative was very welcome to be present at the Home Interview. 
6. The Home Interview 
At the beginning of the Home Interview, the purpose was reiterated and permission 
gained for the discussion to be recorded by microphone onto tape or mini-disk. 
Once the Informed Consent Form had been signed (Appendix 2-1) the interview 
was carried out. None of the interviews lasted for longer than 90 minutes, 
although in some cases, especially the older individuals, participants were quite 
happy to make tea and chat all afternoon! 
The interview structure followed the tasks in the probe booklet and notes were 
made to supplement the transcript of the interview recordings. Questions were 
specific to each participant following a review of their completed Probe Study 
booklet. After a short break (if required) the second part of the interview focussed 
on the design of the participant's future home. 
Once the interview was complete, participants were once again offered an 
opportunity to ask any questions and given a voucher as a token of appreciation 
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for their time. Participants were also asked if they would still be happy to take part 
in the Co-design Workshop (Chapter 8). 
7. The audio-recordings were transcribed to aid data collection and analysis. 
7.3.7 Data analysis 
The Home Interview data analysis involved the information for each individual case 
study being collated. This included the review of the Probe Study booklet, any 
photographs taken as a part of the Home Interview, and content analysis for each 
Home Interview. Two participants (out of the 14) were not included in the final sample, 
one participant acted as a pilot and one older participant was admitted to hospital. To 
represent the findings of remaining twelve case studies a cross-case pattern analysis 
was carried out (Patton, 2002). This collective case study will be discussed in this 
chapter, whilst the twelve individual case studies will be discussed in Chapter 8. 
The Probe Study booklet review 
The probe booklets were reviewed and notes taken to provide specific discussion for 
each of the twelve Home Interviews (Table 7-1). Individual interview protocols were 
developed to ensure questions were participant-specific and incorporated points of 
interest based on the Probe Study review. Following Gaver et al. (1999) and Gaver et 
al. (2004), the review purposely avoided a systematic approach to prevent losing the 
personal values that are associated with the home, and home technology. 
Table 7-1: Method to review the Probe Study tasks. 
Probe study task 
1) Lighting and heating use 
2) The most active floor in `My 
home'... 
3) When I press the buttons on my 
future control device I want it to... 
4) My technology products... 
5) De-brief questionnaire 
Method to review the Probe Study task 
" Light use (frequency and duration) was noted for 
all of the lights included in the sample. 
" Heating use (frequency, duration and reason for 
any change) was noted for all of the sources of 
heating in the sample. 
" The drawing of the most active floor in the 
participants home was reviewed for `technology 
clusters' and used to direct questions about the 
uses of rooms, spaces and technology. 
" Replies were noted and requirements categorised. 
" Replies were noted and technology categorised 
according to their use. To supplement the 
categories, photographs were also taken. 
" Any issues or problems experienced with the 
tasks were noted and discussed. 
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The Home Interview analysis 
Qualitative analysis procedures were followed for the interview data (Erlandson et al., 
1993; Patton, 2002), similar to chapter 6 (section 6.3.4). For each participant, the 
interview was transcribed verbatim and checked against the information gathered in the 
probe booklet and the notes that were taken during and directly following the interview. 
Individual Home Interview transcriptions were read and quotes attributed to an 
individual case record. Themes were initially based on the Probe Study tasks, but 
when pertinent discussion did not relate to the themes, quotes were highlighted as new 
topics, and new themes were created when a number of quotes could be attributed to a 
single topic. This was conducted for each of the twelve case studies. Once completed 
a cross-case pattern analysis was conducted (Pattern, 2002). The themes were 
compared to establish common themes as a collective case study. The final eight 
themes are a collective case study, as a result of all twelve participant home case 
studies. 
7.4 Results 
7.4.1 Sample 
A total of 12 homes were involved in the Home Study between February and April 
2005. The participants all lived in the East Midlands area and had all taken part in the 
Smart Home Workshops (Chapter 6). Table 7-2 shows the gender composition across 
the sample (n=12) and the number of occupants in each of the case study homes. 
Participants are numbered 01-13. Please note that Participant 01, who did not 
participate in the Smart Home Workshops, was only used for the pilot study and not 
included in any analysis. The sample included five home types (four detached, one 
semi-detached, two terraced, four apartments, and one bungalow). 
Home interviews were carried out within one week of the completion of the Probe 
Study. In two cases participants requested that their partners were present at the 
interview. It became clear from these interviews that the responses in the Probe 
Booklet had been considered and discussed as a family. 
As a result of cross-case pattern analysis (Patton, 2002) with all twelve case study 
homes, eight themes were identified (Table 7-3) These are now discussed. 
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Table 7-2: Participant case study household information (number of children is given 
in brackets according to gender). 
Participant 
range 
Gender Type of household 
Number of home occupants 
Female Male (n) (n) Total (n) 
1 - - Pilot study - - - 
2 50-65 Female Married, two sons 1 (+ 2) 1 4 
3 35-49 Female Married with baby 1 1 (+ 1) 3 
4 35-49 Female Married with daughter 1 1 (+ 1) 3 
5 35-49 Male Physically disabled, living alone 1 0 1 
6 35-49 Male Married couple 1 1 2 
7 35-49 Male Couple 1 1 2 
8 50-65 Female Married, children left home 1 1 2 
9 18-34 Female Shared accommodation 0 2 2 
10 18-34 Female Physically disabled, living alone 0 1 1 
11 18-34 Female Shared accommodation 0 3 3 
12 65+ Female Married, cares for husband 1 1 2 
13 65+ Female Lives alone 0 1 1 
Total x X 12 case studies 8 (+2) 14 (+2) 26 
Table 7-3: The eight themes identified from the home case study. 
Themes 
Existing home 7.4.2 Diversity of technology use 
7.4.3 Environmental concerns 
7.4.4 Technology structures the home 
7.4.5 Non-use and the difficulty in use of technology 
7.4.6 Non disposal of redundant technology 
7.4.7 The diffusion of innovations in the home 
7.4.8 The emergence of user requirements 
Future home 7.4.9 Perception of my future home 
7.4.2 Diversity of home technology use 
Despite being two of the most basic but essential functions in the home, heating and 
lighting usage revealed a variety of difficulties, frustrations and a surprisingly broad 
range of `systems' in place to control their state. 
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Heating use 
The control of heating varied from using automatic timers and supplementing this when 
needed (n=7); leaving the heating on all of the time, and relying on the thermostat to 
switch it on and off (n=4); and using the main on / off switch to operate it seasonally 
(n=1). In most cases, the participants themselves were not aware of the frequency that 
they changed the thermostat or boiler controls. It is clear that the reasons for the 
different methods of heating control are not attributed to difficulty with the designs of 
the control itself. After discussion it became apparent that all of these users were 
aware of the opportunities to automate the heating but this function alone was 
unsatisfactory. Irregular home lifestyle, diverse attitudes towards energy consumption, 
differing amounts of time spent in the home, and the consideration that individuals 
living in the same home do not necessarily have synchronised timetables or comfort 
preferences, dictated the usage of the home heating system. 
Lighting use 
The usage of lighting was equally diverse. Seven of the participants (2,3,4,8,11,12, 
and 13) tended to leave lights on in the home, even in rooms that they were not 
present in themselves. One reason given by the participants was not wanting to or not 
being bothered to frequently use light switches. Another reason was that after sunset 
when it is dark lights were operated on timers to arrive to a "welcoming" home, to 
facilitate opening the front door easily, and as a preventative security measure. When 
in the home alone, most of the participants left lights on in vacant rooms because they 
did not wish the home to be completely dark, it was indicated by Participant 2 and 13 
that this prevented the `feeling' of an empty home. In these examples the importance 
is placed upon lights creating a pleasant environment, a security measure and to 
remove the feeling of loneliness overriding any concern for energy consumption. 
"lt is nice to come home and find that there is a light on already, because 
particularly in the porch area, you haven't got to fiddle around finding 
keys, fitting the key in the lock and erm, you can see immediately you 
walk in... lt is warm, it is welcoming" (Participant 8, Female, Aged 50-65, 
Married, children have left home). 
In a similar vein, Participant 4 described the landing light being left on overnight to help 
her daughter sleep. Contrary to this, some of the remaining participants thought of it to 
be of paramount importance to maintain energy consumption at a minimum, from both 
a personal cost (4,5, and 6), and for energy conservation (9, and 10). Other reasons 
for not using lighting include: difficulty accessing light switches (Participant 6) and 
annoyance (Participant 10) because the light switch also operated other devices, e. g. 
fans. 
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There was also a difference in which lights participants preferred to use for the same 
task, for example, Participant 12 did not use main lights, preferring lamps and side 
lights only, whereas Participant 13 did not use lamps at all. 
"I just use side lights, I don't like to sit under a big light I just have a 
couple of lamps" (Participant 13, Female, Aged 65+, Living alone). 
Interestingly, Participants 8,12 and 13, all in the 50+ age range, stressed their need to 
purchase additional lighting in areas such as the kitchen, to facilitate a safe working 
environment. Indeed when discussing whether participants had sufficient lighting, 
Participants 6,10 and 11 expressed their need for additional lighting, but they would 
not increase the power of a bulb until the existing one had broken. 
7.4.3 Environmental concerns 
The study has shown diverse attitudes towards energy consumption. A simplistic 
description of this behaviour illustrates four broad attitudes to energy consumption in 
this context (Table 7-4). 
Table 7-4: The four attitudes towards energy consumption. 
Attitude towards 
energy Description Example 
consumption 
No concern for 
Prefers comfort and is not "Even if we are going on holiday, we just 
energy consumption concerned about cost or energy 
leave it all on" (Participant 4, Female, Aged 
consumption (Participant 4). 35-49, Married with daughter). 
Some concern for 
energy consumption 
but comfort is the 
driving factor 
Conscious of energy use but 
prefers comfort, is not 
concerned with cost so much, 
frequent use may be 
compensated for by efficiency 
(Participants 3,7,11,12,13). 
"It's just amazing how quickly this place 
warms up, but it does mean I am more likely 
to use it I suppose. If it is efficient, then yeah 
I feel more comfortable about fiddling (putting 
heat on and off)" (Participant 7, Female, Aged 
35-49, Couple). 
Some concern for 
Conscious of energy but 
energy consumption mindful of switching 
items off Tm fairly energy conscious. So I'd turn a 
but cost is the when not 
in use, conscious of light off when I'm not in the room" (Participant 
driving factor cost and energy usage 
6, Female, Aged 35-49, Married couple). 
(Participants 5,6,8,9). 
Prefers not to use technology 
Very concerned for unless it is completely 
energy regardless of necessary: conscious of energy 
cost use, regardless of cost or 
efficiency (Participants 2,10). 
`I hardly ever use (the light), good lighting but 
hardly ever use it, because of the energy 
efficiency and also because they are 
expensive bulbs" (Participant 10, Female, 
Aged 18-34, Physically disabled, Living 
alone). 
However, it was clear in the interviews, especially in the two where a partner was 
present, that individuals within homes have different attitudes towards energy 
consumption. This is illustrated in the following quotes: 
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"I'm fairly energy conscious. So I'd turn a light off when I'm not in the 
room, except for say the living room" (Participant 6, Male, Aged 35-49, 
Married couple). 
"I can be a bit naughty at times, can't I? Sometimes I, you know, go to 
the kitchen to do something and I know I need to go back and do 
something else, so I'll leave the light on in the mean time" (Wife of 
Participant 6, Female, Aged 35-49, Married couple). 
In another case, the compromises made because one partner had stronger views on 
energy efficiency in relation to turning technology off or leaving it on standby were 
described: 
"1 am a standby person, you know.. ?I have never been, turn it off. But 
erm, we have to compromise here and have to turn it off now" (Husband 
of Participant 8, Female, Aged 50-65, Married, Children have left home). 
7.4.4 Technology structures individuals in the home 
In this study, technology was shown to differentiate individuals in the home by 
maintaining or creating a structure of household members. Technology structured the 
home by differentiating and supporting individual's by their role, technology proficiency, 
purchasing power and threshold for technology safety. 
1) Technology supporting roles 
Within some of the homes it was clear that technology could be used as a mechanism 
to support control and a hierarchy within the home. This is shown in the following 
quote: 
"If / come home from work, I'll pull up outside and it will be like Blackpool 
illuminations. So the first thing / do when I walk through the house, is, 
put my handbag down and / go all the way round and / do a quick tidy up 
and switch the lights off. When I sit down for my dinner at least I know I 
am back in control rather than... " (Participant 4, Female, Aged 35-49, 
Married with daughter). 
Having arrived home, Participant 4 would go around the home to switch off all of 
the lights, making other members of the household aware that she was doing 
this and so, `in control'. Similarly Participant 2 (female, 50-65, married, two 
sons) described not allowing anyone else to change the thermostat or heater 
controls or even use the washing machine. 
2) Technology proficiency 
In the five homes (of participants 2,3,4,8, and 11) with more than one individual, one 
household member was perceived to have superior proficiency with regard to 
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technology. This person then became the home technology `guru' with other members 
of the household seemingly not needing to learn about the technology. In one 
example, Participant 11 does not know how to operate the central heating system 
because her housemate usually controls it. 
"I would need to get the book out to do it but my other house mate does 
it... I am sure I would know how if l, sat there with a booklet but I am not 
that bothered" (Participant 11, Female, Aged 18-34, Shared 
accommodation). 
In this case, the participant has no motivation to learn about the central heating system. 
In another example, the computer is used by the member of the family who always 
carries out tasks attributed to it (e. g. online shopping, bill payments, and accounting). 
The computer is not used by any other family member and thus perhaps leaves them 
with diminishing computer knowledge and no motivation to learn (Participants 2,3,4 
and 8). 
Experiences of friends and family will influence the perceptions and uses of technology. 
In many of the homes, friends, family or other `extended household members' who do 
not live in the home acted as an advisor to recommend, fix, trouble-shoot and, in some 
cases, purchase technology. As a consequence however, a household can be left with 
little or no understanding of their own technology products and again no motivation to 
learn. This behaviour may also be a reason or excuse to get in touch with friends and 
family members. In the majority of cases family and / or friends are trusted with access 
to the home when the home is vacated. 
"My neighbour has got a key" (All participants). 
"I left it on at 10 (a heating setting) and Marge (neighbour) kept an eye 
on things" (Participant 12, Female, Aged 65+, Married, cares for 
husband). 
3) Buying technology 
In all of the case study homes the decision to buy new technology involved a 
discussion between home occupants, family, and friends regarding the need for it and 
prioritising money. Final purchase decisions were reported to be made depending on a 
compromise between the anticipated usefulness and frequency of use, brand, cost and 
many physical design factors. It is clear that individuals in these homes had a specific 
role when it comes to new purchases. For example, roles discussed include 
investigating, buying, reasoning, using, spending, and saving. 
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Occupants described debates lasting long periods of time due to differences in the 
anticipated usefulness of a new technology. In some homes it was surprising that the 
primary user of an item would not necessarily make the final decision of which device 
to purchase. In one example the husband of Participant 4 investigated and 
recommended a new computer, despite his wife being the primary user of the existing 
two computers. 
"My husband will deal with that. He will tell me where the best deal is. 
don't understand any of it" (Participant 4, Female, Aged 35-49, Married 
with daughter). 
Individuals may not make the decision to purchase technology because they do not 
understand the terminology, do not feel skilled enough, and are not motivated to do the 
necessary research. In another example Participant 6 deems himself as a miser and 
his wife the spender. 
"I'm the saver person, the miser, and (name of wife) just spends money, 
but spends it on sensible things" (Participant 6, Male, Aged 35-49, 
Married couple). 
The husband of Participant 8 describes his wife as being the better shopper because 
she is prepared to investigate. However, he suggests that with some products, in this 
case the vacuum cleaner, he would take a deeper interest. 
"We will have a discussion on it but she (wife) will, she is a better 
shopper than me - by a long way. When she wants something she will 
read the lot... she would take her time to have a look, and won't come 
back with a bit of crap, you know? I have no problem with that at all. 
Other things, I would get more involved, like a vacuum cleaner, / would 
take a deeper look" (Husband of Participant 8, Male, Aged 50-65, 
Married, Children have left home). 
4) Safety threshold of individuals 
Participants 4 and 6 reported a low tolerance to what they considered safe behaviour 
with regard to, for example, the necessity to remove all plugs from the wall at night or in 
preparation to leave the home before a holiday. Participant 6 (Male, Aged 35-49, 
Living with his wife), painstakingly removes all plugs from the wall before going to bed 
every night. 
"Mainly because of electricity use but also because anything that uses 
electricity that is left on is potentially a fire hazard. I mean, it is a small 
hazard and then we do have smoke detectors and that would wake us up 
if we were home" (Participant 6, Male, Aged 35-49, Married couple). 
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Participant 4 described the reason that she removed all plugs from the wall and stated 
that her husband thought the behaviour was not needed. 
"Fire I think, scared of a fire. Husband doesn't, he thinks it is a waste of 
time" (Participant 4, Female, Aged 35-49, Married with daughter). 
Participant 6 even suggested that he would not want anymore wireless technology in 
the home due to health fears. 
"I'm certainly aware of the possible dangers of mobile phone technology, 
frying your brain. I don't want any more microwaves or radio waves flying 
around the house than I absolutely need" (Participant 6, Male, Aged 35- 
49, Married couple). 
Participant 8 (Female, Aged 50-65, Married, Children have left home) desired similar 
behaviour, but unfortunately found the access to plugs impossible, partly due to the 
design of home technology with the plug being placed at the rear of consumer 
appliances. However, Participant 8's husband did not report this need. It was clear 
that behaviours by some home occupants are compromised or changed depending on 
the other occupants desires within a home. 
7.4.5 Non-use and the difficulty in use of technology 
Surprisingly, there were a high number of working products owned by individuals that 
were never used. These items spanned across all types of technology necessary to 
the function of the home: cooker controls; television remotes; computer failure; boxed, 
brand new DVD players and digital cameras; unsuitable Personal Digital Assistant's 
(PDA's) and kitchen gadgets; to very old gramophone players. The reasons for non- 
use of products are now discussed under five headings reflecting these: time-using 
technology, no need to use, fear, difficulty in usage, and complicated and uninspiring 
instructions. 
1) Time-consuming technology 
Participants 12 and 13 felt that `gadgets' extended the length of time required to 
complete a task and therefore had stopped using many kitchen appliances designed to 
save time. 
"Too many gadgets! And you tend to go back to the same old stuff and it 
works better" (Participant 12, Female, Aged 65+, Married, Cares for 
husband). 
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2) No need to use 
Despite paying for additional light switches and a digital technology (e. g. a new PDA), 
participants found that some technology was never actually used and questioned why 
they had ever purchased it. 
"Just don't use it, not at all, so, is that a waste (of money)? " (Participant 
4, Female, Aged 35-49, Married with daughter). 
When referring to a DVD player and digital camera that had not even been taken out of 
their boxes, Participant 8 (Female, Aged 50-65, Married, Children have left home) said 
"(I) thought we needed it. " The lack of use indicated that once the technology had 
been purchased, the need had not arisen for it's usage. 
3) Fear 
Three participants (8,10, and 13) showed great anxiety towards a product with which 
they had experienced difficulties. This negative experience proved to be the catalyst 
for a fear of using that particular technology. Participant 8 described the perception 
that setting up a new device would be easy but then gives excuses for not having done 
it, 
"7 am sure it is as simple as you just put the things in the back, because 
that is what is says on the box, I just haven't had time, haven't got round 
to it. But it will be me that does it" (Participant 8 Female, Aged 50-65, 
Married, Children have left home). 
In another case, Participant 10 described her use of the personal computer, 
"I don't like using it, because I don't know what to do with it when it goes 
wrong, and it takes a long time some times" (Participant 10 Female, 
Aged 18-34, Physically disabled, Living alone). 
This fear stems from a lack of understanding of the technology. After discussing 
difficulties with a remote control, the same participant describes overcoming this fear, 
"you do tend to use things you probably don't know how to use, as you get a bit 
braver. " 
"I don't like answer machines. If you phone someone up and it is an 
answer machine, I don't talk" (Participant 13, Female, Aged 65+, Living 
alone). 
4) Difficulty in usage 
Table 7-5 shows the seven reasons, from the Home Case Study, attributed to the 
cause of frustration with technology in the usage of existing technology (i) miss-match 
of user and product requirements, (ii) lack of flexibility, (iii) lack of intuitive design, (iv) 
lack of accessibility, (v) appropriateness of design, (vi) poor physical design and (vii) 
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lack of knowledge. These negative experiences with current home technology heavily 
influenced the ideas for the design of future home technology products discussed in 
sections 7.4.8 and 7.4.9. 
Table 7-5: Problems with the design of products. 
Product design problem I Example 
i) Miss-match between the user 
and product requirements, in 
two cases, items had been bought 
that did not perform the functions 
required: 
ii) Lack of flexibility, technology 
within the home is not able to 
evolve with the home when room 
walls are moved or changed. 
iii) Lack of intuitive design, 
participants find technology is not 
intuitive requiring them to develop 
there own strategies to operate. 
iv) Lack of accessibility, some 
designs of products within the 
home are not accessible 
v) Appropriateness of design, this 
relates to both individual 
technology products in the home 
and the physical design of the 
home. 
vi) Poor physical design, 
vii) Lack of knowledge, an attitude 
towards some home technology 
that left them unusable because 
they are not prepared to invest 
time to learn how to use them. 
"I am organised and I like to be organised, and I thought it would be excellent... the 
PDA has been sitting there ever since... all I wanted to do was look at a week to 
view" (Participant 4, Female, Aged 35-49, Married with daughter). 
"We have changed the house so much the zone system doesn't work" (Participant 
4, Female, Aged 35-49, Married with daughter). 
"What number one meant, what number two meant? I would never remember... I 
have to write it in a book and check... we only use it when we go away... that was 
the last time I set the alarms" (Participant 4, Female, 35-49, Married with daughter). 
The two older females (Participants 12 and 13, Aged 65+) alarmingly perceived 
that, "as you age you can not use some products. " This was discussed in the 
interview, and attributed to a history of troubles with small buttons, unusable knobs 
and stiff switches on central heating systems, remote controls, cookers and taps. 
In two further examples a desired item, a kettle, could not be purchased due to 
excessive weight, "and I did consider a rather swish, stainless steel one but that is 
always the point (weight), I used to have some wonderful saucepans but when they 
were full up I couldn't lift them, so that was a waste of time" (Participant 8, Female, 
Aged 50-65, Married, children have left home). 
The ability to use only one hand left making notes whilst using the phone almost 
impossible, "which is a bit of a nuisance, (not having a hands free phone) i. e. when 
you try to write something down and you have one hand that works and one hand 
that doesn't" (Participant 10, Female, 18-34, Physically disabled, Living alone). 
"Most (plugs) are accessible but some aren't, particularly in the kitchen where it's 
all behind units" (Participant 10, female, 18-34, physically disabled, living alone). 
"When you are going to bed, you have to switch the bedroom light on, walk all the 
way through here, turn that one off and then walk all the way back" (Participant 6, 
Male, Aged 35-49, Married couple). 
The participant owns many mini-disks but tends not to listen to them because of 
their design. "MDs haven't got such good presentation boxes so I tend not to look 
through the MD recordings I have got but never mind" (Participant 10, Female, 
Aged 18-34, Physically disabled, Living alone). 
For example, a female participant described her difficulty with computer sound and 
after enquiring with a friend realised that speakers needed to be turned on 
themselves. 
"My friend said you have to turn the speakers on but I didn't know you had to turn 
the speakers on" (Participant 10, Female, 18-34, Physically disabled, Living alone). 
"I would need to get the book out to do it but my other house mate does it... I am 
sure I would know how if I sat there with a booklet but I am not that bothered" 
(Participant 11, Female, Aged 18-34, Shared accommodation). 
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5) Complicated and uninspiring instructions 
In four cases, participants found it impossible to learn how to operate a product due to 
a difficulty interpreting the instructions and not understanding what to do when 
something goes wrong. Participant 10 felt that the instructions did not inspire them to 
learn to use the technology. 
"The worst thing was reading the instructions because the worst thing 
was the way they were phrased. It just sort of didn't inspire me, 
eventually I could understand what they were saying but it really was, I 
don't think it was written in an ideal way, it wasn't simplistic but it wasn't 
very complicated either. It was a peculiar way of writing it, probably it 
was style of the instructions manuals, it was not very enticing" 
(Participant 10, Female, Aged 18-34, Physically disabled, Living alone). 
The use of the words inspiring and enticing is interesting, it implies that the instructions 
can affect the perception that an individual has towards technology. It follows that, if 
instructions are written poorly, leaving the reader with little understanding, it will imbue 
diffidence leading to decreased motivation to learn how to use technology in the future. 
The older participants (12 and 13) had particular difficulty with instructions expressing 
their observation that they get more difficult to understand with age. 
"When you are younger you can take it all in, but, you sort of read 
through all of the instructions, you panic a little bit, I was sort of expecting 
it to blow up in front of me" (Participant 12, Female, Aged 65+, Married, 
Cares for husband). 
"I find I have to read things 2 or 3 times before it sinks in... it is worded 
very precariously" (Participant 13, Female, Aged 65+, Living alone). 
7.4.6 Non disposal of redundant technology 
In nearly all cases, the least favourite item of technology in the home was broken, 
obsolete or difficult to use. There are three reasons that participants did not dispose of 
this technology, these are. 1) aesthetes of the home, 2) disposable society and 3) 
emotional attachment. 
1) Aesthetics of the home 
In two homes participants (4 and 8) would not dispose of broken technology for 
reasons of maintaining the aesthetics of the home. In both cases however, if the 
money was available it is clear that the items would be replaced. In the following quote 
the participant describes the importance of keeping the broken washing machine. 
"lt fills a hole, it looks nice and it will stay like that until we can afford 
another one" (Participant 4, Female, Aged 35-49, Married with daughter). 
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In this example, the participant describes the importance of the fireplace despite its 
unusable state. 
"It is there for holding cards and candles... for two or three years now, 
we haven't needed it" (Participant 8, Female, Aged 50-65, Married, 
children have left home). 
In one other case, the participant describes the importance of technology fitting in with 
the home decor. 
"At sometime I would like to change it (light) to something more energy 
efficient but it is finding the style (a suitable fitting) to fit in" (Participant 
10, Female, Aged 18-34, Physically disabled, Living alone). 
2) Disposable society 
Two participants stated that they had not disposed of technology that was now 
redundant because they were concerned that the items would not be recycled. 
Equally, one participant wanted to have items fixed rather than replaced but found that 
this was not cost effective. In both of these examples a concern for the environment 
was greater than the desire to dispose of redundant technology. 
"There is nothing you can do with them and / think that is terrible" 
(Participant 8, Female, Aged 50-65, Married, children have left home). 
"A printer, but that is partly because I don't want to chuck it out because 
it is a complete waste, they used to take in computers and things but 
they don't do that anymore or not from homes anyway so, if there was 
somewhere that would use the parts, fine / would get rid of it easily, 
willingly" (Participant 10, Female, Aged 18-34, Physically disabled, Living 
alone). 
3) Emotional attachment / nostalgia 
A very different reason for four participants stating that they would never dispose of an 
item is nostalgia or emotional attachment to an item. Examples of this include use of a 
very old record player by Participant 7 (Male, Aged 35-49, Couple), "I would probably 
put it in there and lie on the bed and listen to it now and again. " These individual's also 
stressed how well made older items of technology were compared to today, and how 
they were considered permanent as opposed to today's more disposable items. Even 
though Participant 7 admitted that he would replace the item, he would not dispose of 
it, "I probably would replace it now but I wouldn't get rid of it. I would still keep it in a 
spare room. " 
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In one other example the husband of Participant 8 (51-64 years of age man), described 
not using an item for many years but described it passionately, although the item was 
not even plugged into the electricity socket. 
"That's my heirloom! My music centre, it needs renovating a bit, a 
couple of needles, you can still play 78s on it. It is a wonderful sound, 
we have never had the sound on but there is a wonderful big radio in 
there and the sound of it is absolutely beautiful. But we have never had 
it on... " (Husband of Participant 8, Male, Aged 50-65, Married, Children 
have left home). 
7.4.7 The diffusion of technology in the home 
An understanding of the reasons that current technology is in today's home provides 
insight for the adoption of future smart home technology. Four main themes from the 
Home Case Study are now presented. 
1) Family and friends: they didn't need it / they said that is the best one 
Five of the occupants described many items of technology that had been passed down 
from other family members and friends. This included the computer (Participant 4), 
television (Participant 12), electric kettle (Participant 12) and entertainment centre 
(Participant 2). As discussed in Section 7.4.4 (Technology structures individuals in the 
home), family and friends with greater knowledge about technology are called upon for 
advice before making new technology purchases. 
2) Priority of replacement: what is of greatest personal value 
Rather than replacing technology that no longer offered the functionality required and 
did not satisfy their need, seven participants described 'making-do' with technology. 
Participants expressed an attitude of not replacing items unless it is completely broken. 
This included amongst other examples: a heating system (Participant 6), lighting 
(Participant 4 and 8), a washing machine (Participant 8), and a television (Participant 
6). In three homes (Participant 4,6 and 8), despite other broken technology products 
and a working computer being present, a new computer was described as the next `big' 
purchase. 
It was clear that participants do not tend to replace items unless they are broken, but 
that broken items are not necessarily always replaced, even if their function is required. 
One reason for this is cost, but when money is available it was clear that the main 
reason was the priority for other goods. The meaningful value of a technology is more 
important that the monetary value. This value must also be apparent and of significant 
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importance for any broken technology to be fixed or replaced. This was clear in the 
following example where Participant 6 described his broken home security alarm: 
"1 can't be bothered to fix it (security alarm which participant's brother 
had broken). And anyway, I couldn't be bothered to set it. Burglar 
alarms are just a bad idea. We should stop burglars getting in, in the first 
place, (that) is the way forward ... 1 go to great lengths to save spending 
money" (Participant 6, Male, Aged 35-49, Married couple). 
From this comment the participant `can't be bothered' to fix the burglar alarm. Cost 
may have been one reason; however, it was clear that recent technology purchases 
outweighed the cost of a burglar alarm system. The value of the burglar alarm was not 
seen to be of significant importance. It could be summarised that technology products 
do not have equal standing in the home with some having a priority for replacement 
over others. 
3) Society pressure: I must have one 
The reasons for the non-use of this technology were described in Section 7.4.6. 
However, Participants 4,8 and 10 described purchases of technology that they had 
never actually used. Items that were still boxed in the interview included a PDA, a DVD 
player and a digital camera. In all cases the participants had purchased the items 
because they believed that the new purchase was better than existing technology and 
because `everyone else' was getting one. 
"We went out especially to buy it, because we hadn't got one. It was part 
of my Christmas present, (purchased it) because I want to get one, 
because it is better" (Participant 8, Female, Aged 50-65, Married, 
children have left home). 
4) Knowledge of technology: I only know what I know 
Three participants (8,10 and 11) explicitly showed annoyance with their current 
knowledge of new or state of the art technology, stating that they would like to know 
more but are never exposed to such knowledge. Participant 11 made a very 
interesting point regarding the sales mechanism for domestic technology. Having 
discussed an idealistic alarm clock/radio, the researcher pointed out that such a device 
was available; the participant was asked why they had not purchased the item: 
"I don't know, because I am not used to it, that is the problem with this 
stuff, there is not a demo home to walk into so it is difficult to know what 
you would want" (Participant 11, Female, Aged 18-34, Shared 
accommodation). 
Participant 10 also expressed her annoyance at finding out about a new technology 
only when visiting a shop. This behaviour is contrary to participants who 
heavily 
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research new purchases. The remaining participants either find out about new 
technology through their friend and family network or through their own research. How 
individuals gain knowledge about new technology has huge implications for the smart 
home. Nonetheless, in the course of the Probe Study, even the individuals who heavily 
research technology purchases realised that technology available to the consumer was 
desirable but they didn't know of their need or the existence of the technology. 
7.4.8 The emergence of user requirements 
Users themselves identified requirements for technology when taking part in the Probe 
Study and in the explanation of their favourite technology product, insights into 
participant's real meanings about technology could be gleaned. This is now discussed 
prior to reflections on how this could impact on the smart home. 
User requirements from reflecting own behaviour 
It is evident that the Probe Study prompted individuals to realise that they wanted more 
technology in their home, but simple technology that is already available to the 
consumer. Participants found it difficult to comprehend why they themselves had not 
heard about these technologies. For example, Participant 4 wants to be told when 
something serious is happening, for example to be told if there are high Carbon 
Monoxide levels, the "Carbon Monoxide light could be on for 24 hours and / wouldn't 
know `cus, / would have to physically look for it. " Participant 6 wants a pull cord in his 
bedroom for the lights, a better heating system and additional radiators. Participant 7 
realised that the probe task stimulated a requirement for light sensors in his home, 
previously not realising the high frequency that he switched lights on and off, he is now 
intending to install sensors in his bathroom to automate lighting. Participant 10 
frequently missed callers at the front door because of the length of time that it takes to 
reach the door due to her physical disability and wanted a remote answering 
mechanism. These examples suggest that there is technology available now that 
people would like but the usefulness is unknown, not obvious, and in everyday life 
people do not automatically come across it. 
Latent emotional uses for technology 
When discussing favourite items in the home, in eight out of twelve cases items were 
related to time-using activities, e. g. entertainment. However, the explanations for their 
favourite items were not simply the entertainment, itself in the form of watching TV or a 
DVD. That may have been the original purchase reason but other reasons quoted 
allowed insights into an individual's emotions and values. Interestingly, reasons varied: 
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personal convenience, being able to record programmes whilst being away; watching 
the TV, having activities to carry out together as a family; and having background radio 
or TV, not feeling alone in the home. Contrary to this, the remaining four individuals all 
chose domestic cleaning items, for their time-saving qualities. In this case, the reason 
can be summed up with the quote from Participant 12 (Female, Aged 65+), "7 wouldn't 
like to go back to hand washing items. " However, even these items have bigger roles 
to play in the home, as discussed in Section 7.4.7. It is clear that a broken washing 
machine that fills the gap in the kitchen, or a disconnected gas fireplace that provides a 
centre piece in a living room, is as important to the look of a room as their primary 
function. 
Classifying emerging technology requirements 
When discussing an individual's technology requirements for their future home and 
existing technology usage it became clear that items were considered far beyond their 
obvious function. Not only were participants' requirements for their own future smart 
home based upon reflection of their own behaviour through the Probe Study but also 
recognising their own `latent use for technology'. Requirements included technology 
that will improve comfort, safety, security, health, social networks, work performance, 
efficiency and reduce stress. For example, an obvious example is the computer, it is 
both time-using (entertainment) and time-saving (online banking), but it is also used for 
communication and therefore to maintain social networks. Participant 8 suggested that 
a warm car in the morning would be bliss because the cold car causes problems with 
arthritis, "there have been mornings when it has been cold, when / have come out of a 
warm house and got into a cold car and felt really stiff - by the time I got to work 
needed to warm up again (to get moving). " When given the grounding to do so, in this 
study, participants themselves described technology beyond basic functionality, 
usability and pleasure, towards fulfilling their emotions and improving user experience. 
Details of individual preferences for the smart home are presented in Chapter 8. 
7.4.9 Perceptions of the future home 
All individuals stated that they took some time when considering what tasks they 
wanted to control with the Fob device (Task three of the Probe Study), in some cases, 
even carrying it round with them for the Probe Study week. Table 7-6 shows the needs 
that were repeated across individuals. All of these, except the need to alert the 
emergency services in the case of personal safety or home security, show the 
participants desire for a more convenient lifestyle and indicate some excitement for the 
158 
Table 7-6: Most popular requirements for the Fob device (N. B. 
participants chose more than one user requirement). 
User requirement 
Number of 
participants 
Status of home technology when in bed 
(e. g. to ensure home technology is safe and the home is secure) 
8 
Prepare the home when leaving or arriving 8 
(e. g. to ensure home technology is safe and the home is secure) 
Individual functions 
(e. g. boil kettle, drawing the curtains) 
7 
Contact the emergency services 
(e. g. personal safety and home security) 
4 
potential of new technology. It is interesting that participants' ideal usage of technology 
ranges from very complex tasks in giving complete home security, safety and heating 
status to simply finding a wallet. 
There are differences between the requirements identified for the Fob device: multiple 
task operations, those which demand the smart home to carry out a number of tasks, 
and singular task operations, those which demand the smart home to carry out a single 
task. Although the multiple task operations would ordinarily require the participant to 
interact with several items of technology, it was deemed that it could be carried out with 
a single press of a button. Examples of multiple-task needs include, individuals who 
wanted to know the status of the home when they were in bed as reassurance that 
everything in the home was in order, and preparing the home for leaving or arriving, i. e. 
setting the alarm, and switching all technology off that was not needed. This was said 
to offer convenience when leaving the house, security whilst away and comfort on 
return. 
On the other hand, the singular task operations illustrated individual preferences for 
functions of the Fob device, ranging from an automated window cleaner (Participant 
13) to a key or wallet finder (Participant 9). When discussing the appropriateness of 
the Fob device to control functions in the home, two individual's stated that the 
personal computer was the ideal point to control heating, as they were, "always on it 
anyway. " Whereas, Participant 5 who has physical disability requested voice control as 
carrying any device would prove difficult. 
In this study, concern was expressed for home technology that removes the need 
for 
physical activity, the movement involved in conducting tasks around the 
home. 
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Surprisingly, there was also concern for the perceived time savings, Participant 8 
asked, "what would we do with all of the extra time? " The two physically disabled and 
two older participants stated that their priority for a smart home were related to tasks 
that were very difficult physically, such as opening and closing curtains, window 
cleaning, answering the door and turning on the lights without having to get up. 
However, these needs not only depend on the actual physical disabilities but also on 
the building design of the home. Details of individual preferences for the smart home 
are presented in Chapter 8. 
7.5 Discussion 
This research presents findings from ethnographic field work through the use of a 
Probe Study and Home Interview. The discussion will reflect on the results of the 
cross-case pattern analysis of the data. Chapter 8 will present the findings for the 
individual participants as they form the basis for the Co-Design Workshop (Chapter 8). 
The objectives that the Home Case Study specifically addressed were outlined in 
section 7.2 and are now discussed. 
7.5.1 Experiences with and personal values of home technology 
The Home Interviews discussion revealed technology use beyond its primary function. 
This includes lighting which is arguably the most basic function within the home, in 
conjunction with heating, water and toilet facilities. Mozer (2005) discusses four 
difficulties of designing algorithms for automating lighting in home. He identified 
lighting as not only related to an on or off state but to create moods/atmospheres and 
facilitate tasks. To add to Mozer's (2005) findings, this study has found that lighting 
supports comfort, security, the feeling of physical presence, and is even a mechanism 
to maintain control, home hierarchy and roles. 
It has been found in this Home Case Study that inevitable differences between any two 
individuals who live in the same home results in a compromise through negotiation. 
This can result in one party's change in behaviour to accommodate the other, for 
example, perceptions of appliance safety. Whilst Soronen and Sotamaa (2004) agree 
and found that the temporal placement of objects in the home is a result of negotiation, 
should we assume that these individual differences that necessitate negotiation can be 
overcome in a smart home when technology may be automated? Mozer (2005) has 
already identified the difficulties in predicting and automating optimal lighting for a 
home occupant and difficult balance to prevent occupant frustration. This study has 
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identified further considerations, specifically meeting the demands of different 
individuals in relation to appliance safety, energy use and the need for individual's to 
use technology beyond primary function. 
Soronen and Sotamaa's (2004) findings suggest that daily activities are affected by the 
material objects and spatial aspects of the home. The Home Case Study findings add 
that the control of material objects/home technology in the home, structure behaviours, 
and individual roles, for example, differentiated knowledge affecting the use of 
technology and the technology used to support roles and control. Venkatesh et al. 
(2001) suggests that many technologies are incompletely integrated into the domestic 
life of the household, for example, the solo nature of personal computer use and the 
number of hours working on it. This solo component of technology is perhaps one 
cause of or enforcer for the loss of motivation of other individuals in the home to learn 
to use technology proficiently when in the presence of superior knowledge of another 
individual, found in the Home Case Study. Superior knowledge and proficiency in one 
individual may directly cause the decrease of motivation for other home occupants to 
learn, but at the same time, the knowledge and proficiency acts as a mechanism to 
support the hierarchy, roles and structure in the home. 
In a study of technology use in the home, Haines et al., (2007) found that consumer 
technology was not the main focus for individuals' efforts to conserve energy; the use 
of recycling being more pertinent. All participants in the Home Case Study considered 
energy usage consciously to some extent. Some emphasised cost and comfort, while 
others in the home adapted behaviour accordingly. However, there was a contradiction 
in the home regarding energy using and saving behaviour. All participants attempted 
to save energy with or without cost savings in mind (without further research the extent 
of this is unknown), but there were contradictions. For example, Participant 8 
considered energy saving to be important, leading to her husband changing his 
behaviour. Nevertheless, she would ensure lights were timed to switch on in the winter 
so that the home was `welcoming'. With governments now pressured to conserve 
energy, these findings suggest that individuals do want to support energy saving, if only 
for personal monetary benefits, but perhaps require some support and direction how 
best to achieve this. 
7.5.2 Home technology design considerations 
Consumer technology can be developed to meet the need for a particular function but 
the process by which it is achieved in human-technology interaction must match the 
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consumer's conceptual map of a task. Participants in the study showed that 
technology may have the capacity to satisfy a demand, but not in the way that the user 
wants it to be performed. A particular example is the inability for a PDA to give the 
user a `week's' view of a diary The participant reverted to writing a diary because she 
could not cope with only a day's view. 
Other examples of the difficulty participants had with consumer technology in the home 
were prevalent. Factors included: (i) miss-match between the user and product 
requirements (the technology not performing the function required), (ii) lack of flexibility, 
(iii) lack of intuitive design, (iv) lack of accessibility, (v) appropriateness of design, (vi) 
poor physical design and (vii) lack of knowledge. Participants also claimed that 
gadgets can actually be time-consuming rather than time-saving, leading to individual's 
reverting to old methods, for example to complete kitchen tasks. Fears of technology, 
alongside complicated and uninspiring instructions are also evidenced as reasons for 
the non-use of consumer technology in this study. 
The question remains then, how can people be expected to understand more complex 
systems such as the smart home? The importance of usability and UCD has been 
established for some time, so why do individuals find it so difficult to interact with 
consumer technology? The focus of consumer design now emphasises the importance 
of going beyond usability. Nonetheless, the need for good ergonomics practice is 
fundamental to ensure that usability is not ignored in the design of consumer 
technology. Buurman (1997) called for the user centred design of smart products and 
this observation remains valid! 
The aetiology of the successful diffusion of the smart home is dependent on the 
presence of the five attributes of diffusion of innovation: relative advantage, 
compatibility, complexity, trialability and observability (Rogers, 1995 and 2003), 
described in detail in Section 3.2.1. Findings in this study suggest that technology is 
not always chosen by an individual. Rather, it may be recommended or passed down 
within families and networks of friends. Without such advice and recommendations it is 
doubtful that many participants would have bought the technology. In other cases, 
participants realised that they would benefit from technology but did not know that it 
existed, perhaps due to the absence of anyone to recommend technology. In the final 
case, participants themselves bought technology, following research and personal 
investigation. It is suggested that the method of receiving relevant information 
regarding the smart home through members of a social network will be key for the 
smart home that is in itself not very observable (Sandström et al., 2003). 
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A contributing factor to the adoption of an innovation is compatibility, the degree to 
which an innovation is deemed to match their perceived values, self image, needs and 
requirements (Rogers, 1995). This study found examples of technology purchases 
bought following the consideration that the technology matched their perceived 
compatibility. Sadly in many cases the packaging was never removed as once 
purchased it was perceived to be complex to set-up, and the specific event or need did 
not arise. This negative experience of purchasing technology and then not utilising it is 
likely to affect the adoption of other technology considered a part of that technology 
cluster (Rogers, 1995 and 2003). For example, a negative experience with a PDA may 
affect the uptake of products considered to be similar. 
Three participants clearly wanted to know more about new technology, but they were 
not in a position to obtain such knowledge, and were left unaware until they entered a 
shop. According to Rogers (1995 and 2003), the adoption of the smart home relies on 
relative advantage, the user perceives the technology to provide benefits that outweigh 
the idea that it supersedes. In the case of a DVD player this technology supersedes 
the VHS player and the benefits are transparent and easy to comprehend (higher 
quality audio and video image, smaller, subtitles etc). Family and friends, who are 
almost the `guinea pigs' in these cases, have been found (in the Home Case Study) to 
play a very important role, filling the knowledge gap between the user and technology 
products, and making them accessible. Conversely, the idea of an aware home, in 
comparison to the existing home, is abstract. It is obvious that participants were happy 
to `make-do' with products that are functional but not working properly, purchasing 
products that were not broken over products that were broken, depending on their 
perception of the need. The challenge then is to make the smart home technology 
accessible by providing simple and obvious benefits rather than trying to wow the 
potential consumer with abstract concepts. Hindus et al. (2001) supports this by 
stressing the importance of enhancing existing behaviour but not burdening people with 
needless activity. 
Nearly all participants did not automatically dispose of technology in the home, despite 
it being redundant, out of fashion and unused. One of the reasons for this was an 
emotive bond in the form of nostalgia attached to the technology. It is not a new finding 
that people attribute values or emotions to objects. Rather, this discovery is one of the 
many reasons that an emphasis is now placed on products satisfying this desire 
(Hancock et al., 2005; Norman, 2004; Blythe et al., 2003; Jordan, 1999). However, this 
emotional attachment to technology is one reason that all technology in the home may 
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never be integrated into a single system. It is also a reason for not all old technology 
being replaced in the home. Edwards and Grinter (2001) previously suggested that the 
vision of the smart home as a purpose built home was unlikely to be the norm, rather 
the smart home will emerge unnoticed, `accidentally' because technology will be 
brought piecemeal into the home, the main reason attributed to this being old housing 
stock. Bell and Dourish (2007) also question the purpose built smart home, and 
support the `piecemeal' emergence of technology in the home, rather suggesting that it 
is precisely this, that has led to the ubicomp world already existing. The prevalence of 
old and defunct technology in the home for the reasons of nostalgia would support Bell 
and Dourish (2007) and Edwards and Grinter (2001) in suggesting that the smart home 
would not emerge as a purpose built home as some people simply do not want to 
dispose of technology that holds memories. 
7.5.3 Challenges for the designer of the smart home 
The history of technology diffusion has used the categories time-using and time-saving 
to distinguish goods in the home hitherto (Bowden and Offer, 1994). These categories 
have been applied more recently in smart home research (Haines et al., 2007; Hamill, 
2003). However, it seems that this categorisation is no longer applicable with smart 
technology as it enables both time-saving and time-using functions but aspires to meet 
emotional needs far beyond. Even the most functionally basic technology (lighting and 
heating) has been shown in the Home Case Study to support the user's comfort, 
security, feeling of physical presence, and is even a mechanism to maintain home 
hierarchy and roles. Indeed, with a product design focus now aspiring to go beyond 
usability to meet individual's emotions and pleasure needs (Hancock et al., 2005; 
Norman, 2004; Blythe et al., 2003; Jordan, 1999), the categorising of technology also 
needs to reflect this, especially now that goods are becoming more complicated and 
intelligent. For example, if a home system could be voice operated, the user may 
demand the lighting to be lowered without leaving the sitting position. This function 
(decreasing the lighting) could be deemed as time-saving because the user does not 
have to walk to the light switch, conversely, the demand could actually be to create a 
particular atmosphere or mood, to augment the experience of watching a movie or 
playing a video games console. Is this time-using or to augment an 
environment/activity? Alternatively, if the participant has a physical disability, this 
particular function could enable the user to stay seated preventing the difficulty and 
pain of moving to turn the light down. In another example, an older participant may 
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enjoy the task of changing the ambient lighting because it is a task that they can do 
independently. 
Questions from the home interviews that focused on the participant's favourite and 
least favourite items revealed a broad scope of consumer products, supporting Haines 
et al., (2007). However, least favourite items were considered such due to their broken 
state rather than due to difficulties with usability. The discussion of these items 
revealed functions of technology products over and above the now dysfunctional 
function. It is the meanings of these functions behind technology usage that are 
important for designers to understand when developing a smart home system; the 
hidden meanings of technology rather than the face value function of technology. 
Interestingly, participants themselves also began to recognise needs beyond the 
obvious primary function. 
When designing the smart home, these research findings support the need to consider 
the human holistically and incorporate the psychological and psychosocial needs, in 
addition to the more traditional usable and efficient task based approach to design. It is 
acknowledged that this will be a greater change in the white goods industry than the 
telecommunication or black goods industry, but necessary if they merge together. 
Acknowledges the importance of the holistic view of user-technology interaction is not 
new and a major focus of designing user experiences surrounding new consumer 
products (Battarbee and Koskinen, 2005). However, this movement does not aim to 
identify the effect or impact of removing existing technology from the home and 
replacing it with new or `invisible' technology. This study has shown that the vast 
amount of defunct technology in the home often has a purpose. 
Mozer (2005) suggested that the smart home has failed for two reasons. The first is 
due to the consumer's satisfaction with the existing home and the second, the 
consumer's perceived difficulty in understanding new interfaces. When asked to 
choose the operation for a single button, participants reported a requirement for both 
multiple (complex) and single (simple) tasks, suggesting that the user would accept 
functions that are more complex than existing functionality in the home. These 
functions support a range of smart homes represented within the smart home hierarchy 
that exhibit functions more complex than existing technology (Aldrich, 2003; Randall, 
2003). When this is the case, the user would not need to understand the complexity of 
the system however. Although carrying out a number of functions following a single 
user action may lead to the system being perceived as complex. 
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Many participants requested to know the status of the home when in bed or a `master 
off', assuring them that the home was safe to sleep in. The second most popular 
request was for the home to automate tasks that must be carried out before leaving the 
home, or in preparation for arriving home. The analogy could be drawn to locking the 
car with a remote key. If by the single press of a button, the home alarm is enabled, 
doors and windows are shut, the status of gas and electric cookers checked and the 
cat locked out of the bedrooms, would that user be satisfied that a task has been 
completed? Two of the participants in this study did not place any trust in technology 
or at least preferred to remove plugs from the walls for safety reasons, so could these 
users believe and trust the smart home system? Belotti and Edwards (2001, p. 1999) 
point out, "the more we try to get systems to act on our behalf, especially in relation to 
other people, the more we have to watch every move they make. " This does not 
involve other people but questions the need to trust technology and know what is 
happening. Taylor (2006) stresses the importance of visibility and affordance for 
ubicomp technologies, that technology is not so much seamless but, in referencing 
Weiser (1994), `seamful'. In this sense the actions of the system would need to be 
visible and afford satisfactorily to the user that the doors have been locked rather than 
left open. Nonetheless, the contrasting demand for complicated-multiple and simple- 
single tasks suggests that participants supported the vision for an integrated smart 
home technology that is capable of monitoring the home and implementing actions 
when they are transparent to the user and executed simply. 
A concern for these findings is that the smart home will create a transparent gap and 
become a direct measure of social economic status. It is already known that home 
technology adoption varies depending on the national statistics socio-economic 
classification (NS-SEC), the household weekly income, household type (size) and 
whether the household is occupied by a lone-parent family (ONS, 2002). In addition, 
time-using goods are shown to diffuse much more quickly than time-saving goods, not 
indicatively of income. In contrast, time-saving goods emergence in the home is 
closely related to household income (Bowden and Offer's, 1994). In theory, the smart 
home will connect all of these devices but potentially this will lead to an inadvertent 
increase in the perceived complexity of home technology. In conjunction with cost, the 
smart home then may emphasise the existing differences of technology adoption but 
potentially also amplify them. 
The complexity and difficulty in existing domestic technology identified in previous 
studies (e. g. Venkatesh et al. 2001) would suggest that a greater system will increase 
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this proficiency gap between individuals, found in this study. In the visions of the future 
home, this would not only leave an individual perplexed with the personal computer for 
example but may inhibit the use of home functionality. When friends are being 
consulted regarding technology matters in homes (identified in this research) 
occupants may be left with no understanding of their own smart home. 
7.6 Conclusions 
The following conclusions are supported by this study: 
1. Domestic technology and their associated manuals remain too complex and are 
often frustrating for many people. 
2. Technology is often adopted through recommendations of friends and family, 
giving individual's confidence in potential purchases. 
3. Family and friends are also playing a very important role, filling the knowledge 
gap between the user and technology products and inadvertently making them 
more accessible. Without this support individuals can become frustrated by 
their lack of technology proficiency, knowledge and awareness. 
4. The manipulation of lighting as a domestic technology supports comfort, 
perceived security, the feeling of physical presence, and is even a mechanism 
to maintain home control, structure, occupant hierarchy and roles. Home 
technology then could be said to be an extension of the self. 
5. The prevalence of old and defunct technology in the home for the reasons of 
nostalgia, found in the Home Case Study, would support Bell and Dourish 
(2007) and Edwards and Grinter (2001) in suggesting that the smart home will 
not emerge as a purpose built home but for the reason that some people simply 
do not want to dispose of technology that holds memories. 
6. The differing needs of any two individuals that live in the same home results in 
compromise through negotiation, resulting in one party's change in behaviour to 
accommodate the other. 
7. Rather than the goal-orientated tasks that have traditionally resulted in viewing 
technology by either time-using or time-saving functionality, by industry, the 
smart home will integrate this technology. Categorising technology in a 
functional manner does not match secondary uses of technology such as 
comfort, perceived security, the feeling of physical presence, and is even a 
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mechanism to maintain home control, structure, occupant hierarchy and roles. 
To ensure that these additional, not necessarily conscious, but arguably 
essential, uses of technology are captured and accounted for in technology 
designs, it is necessary to consider the human holistically. This emphasises the 
importance of context when investigating technology use in an attempt to 
capture these latent uses. 
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Chapter 8: Co-design Workshop: embodying smart 
home user requirements 
8.1 Introduction 
To build upon the findings of Chapter 6, Chapter 7 captured rich information about 
existing usage and behaviour surrounding home technology in real homes. Findings 
suggest that the smart home requires a range of very detailed requirement 
specifications depending on the home occupant. To explore these specific findings 
further and to develop personal ideas and desires a co-design workshop was 
conducted. This facilitated the Home Case Study participants in creatively expressing 
their needs and requirements. 
8.2 Aims and objectives 
The aim of the Co-design Workshop was to build on the findings of the Probe Study 
and Home Interview (Chapter 7), and to further address the thesis objectives. In 
addition, the Co-design Workshop aimed: 
1. To capture user requirements for the smart home by engaging participants in 
creative co-design activities in relation to user-system interaction. 
2. To understand individual perceptions, functional and emotional requirements of 
smart home user-system interaction. 
8.3 Research method 
8.3.1 Rationale 
Social science research methods, as used in Chapters 5 and 6, offer methods for 
understanding the user experience, which designers synthesize and embody into ideas 
and opportunities (Sanders and Dandavate, 1999). They do not provide a designer 
with easily accessible objective data to build designs upon however. The findings of 
the Home Case Study suggest that there are individual differences that will demand 
individual customisability with the smart home. Eason (1995a) stressed the need for 
UCD that is for and with the user when it is necessary for technology to be 
customisable. Hindus (1999) argued that the assumptions of existing workspace 
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methods to design are not applicable to the home and called for alternative, more 
suitable research methods (discussed in detail in Section 2.3). 
Koskinen and Battarbee (2003, pg 47) describe empathic design as, "empirical 
research techniques that provide designers with access to how users experience their 
material surroundings and the people in it, including themselves as key characters of 
their everyday lives. " The techniques offer a user-centred approach to design that 
requires the designer to frequently reflect on the empirical data in the design process. 
The designer is directed by the data therefore, and should satisfy Eason (1995a), 
Hindus (1999), Jordan (1998 and 2000) and Norman (2004). 
The findings of the Home Case Study provided rich information on existing behaviour 
related to home technology, individual perceptions of future needs of smart home 
technology, and examples of the different needs between individuals in the home. This 
can be built upon by harnessing people's creativity. Sanders and William, (2003) 
suggest that research can capture what people may not be able to express 
themselves. They base their approach to creativity on Koestler's (1964) book, The Act 
of Creation. Koestler (1964 pg, 45) describes every creative act as one that involves 
bisociation. This is when previously unrelated `matrices of experience' are connected. 
He states that it is only then, and in the state of dreaming, that we can escape, "our 
more or less automatized routines of thinking and behaving. " According to Koestler, 
bisociation only occurs when the person is thoroughly involved or immersed in the 
independent matrix over a period of time. Sanders and William (2003) also refer to 
Root-Bernstein and Root-Bernstein's (2000) description of creative thinking. They state 
that in all fields, creative thinking occurs preverbally, and that ideas are only translated 
into formal systems of communication when they are developed into their prelogical 
forms. In their own `Say, Make and Do' approach to learning about people, Sanders 
and William (2003) refer to the preverbal stage of creative thinking as 'ideation' and the 
translation of these ideas into formal systems of communication as 'expression'. 
Sanders and William (2003) `Say, Make and Do' approach is one way to carry out UCD 
for and with the user. To build on the Home Interview (Say) and Probe Study (Do), co- 
design will satisfy Sanders and William (2003) Make (creative) part. Co-design is an 
empathic design method, involving the end-user actively contributing creatively to the 
design process and bridging the gap between social science methods and the 
traditional individualised designer's working methods. Sanders and Dandavate (1999) 
and Sanders and William (2003) describe `Make Toolkits' for use within co-design as 
being particularly good within the generative or early stage of the design process to, 
171 
"discover as-yet unknown, undefined, and/or unanticipated user or consumer needs. " 
In particular, these tools are effective in accessing user's unspoken feelings and ideas 
(ideation) that previously may not have been expressed (expression). 
To build upon the Home Case Study, embody individual desires, and capture the 
unspoken need and requirements of participants, a Co-design Workshop was carried 
out. This type of method is unknown to date to have been used with a product as 
potentially as complex as the smart home. The workshop will provide the researcher 
with an additional rich source of information to identify smart home expectations, 
perceptions, user needs and requirements as a provision for designers. Using co- 
design in this way is therefore also a case study itself, exploring whether participants 
will be able to comprehend the infinite possibilities of such technology. 
8.3.2 Sampling strategy 
To satisfy the necessity for participants who would be immersed in the smart home to 
be creative, participation in the Home Case Study was a pre-requisite for this study. 
The same participants who took part in the Home Case Study took part in the Co- 
design Workshop. For further details of the sampling strategy, please see Chapter 6. 
8.3.3 The Co-design Workshop procedure 
Following a review of the probe study data, home interview data, a profile of each 
participant's smart home needs and requirements was written. This included 
preferences for functionality and any information specifically related to the user-system 
interaction, for example an individual's preference for the size and location of a `control 
device'. These profiles would provide a baseline for participants in the Co-design 
Workshop to inspire and direct their creativity. 
Figure 8.1 and 8.2: Co-design Workshop. 
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Two facilitators were present in the workshop, the author of this thesis and an industrial 
design lecturer (with professional practice experience), who was available to provide 
advice to the participants on sketching and modelling techniques. The workshop was 
carried out over a three hour time period and divided into four sections, as follows: 
Section 1: Introduction (15 minutes) 
On arrival at the Co-design Workshop, participants were organised into two groups 
reflecting a mix of age, gender, physical ability and experience (Figure 8-1 and 8- 
2). Each participant was given a Co-design Workbook (Appendix 3-1). This contained a 
consent form detailing their personal smart home needs and requirement profile that 
was developed from the Home Case Study. Once the consent form had been 
completed the workshop began. 
As an ice-breaker, the participants were asked to briefly introduce themselves and 
write their name on a badge which was placed visibly on their person. This was 
important as, although familiar with the researcher of the project, participants were not 
familiar with one another or the other facilitator (the industrial designer). The 
researcher explained the objectives and purpose of the Co-design Workshop before 
handing over to the industrial designer who introduced himself and his role in the 
workshop. The participants were told that the aim of the workshop was to design and 
model a method of supporting interaction with their own future smart home. 
The procedure of the Co-design Workshop and the purpose of the activities were 
clarified to the participants. Interesting findings of the research to date were presented 
to stress the value and importance of their confirmed participation. A number of short 
scenarios were presented to the participants (Appendix 3-2). The author (facilitator) 
ensured that they understood the scenarios which were based upon a range of smart 
home applications and functions that had previously received interest in the Home 
Case Study. These were shared with the group for interest and to reassure 
participants that each idea was important and not to be concerned that other people in 
their group would want the same functionality. 
Section 2: Idea generation and sketching (45 minutes) 
The designer introduced the first practical activity by discussing the task requirements 
and then gave a quick lesson in sketching techniques. The materials provided for 
sketching included: assorted paper, pencils, ruler, colouring pencils and pens, and 
drawing pens. The participants were asked to refer to their own Co-design Workbooks 
(Appendix 3-1) and carry out three tasks: 
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1. To produce sketches of their own smart home control, that would provide the 
functionality stated in their Co-design Workbook. 
2. To annotate their sketches to provide an explanation of the control. 
3. To discuss the scenarios and the reasons behind their design thinking, within 
their group. 
Additional assistance was given to encourage sketching, confidence and drawing skills. 
Break for refreshments (20 minutes) 
Section 3: Modelling (60 minutes) 
Following the break, the designer demonstrated how to quickly prototype design ideas 
using basic modelling materials. The materials provided for modelling included: foam 
board, assorted card, assorted paper, modelling clay, various stickers and adhesives, 
in addition to the sketching materials. Participants then produced models of their 
sketched out ideas. Assistance was given when required. 
Section 4: Verbal presentation and evaluation questionnaire (20 minutes) 
Once the modelling was complete, each participant verbally presented their model to 
the rest of the group, identifying key features and explaining the thoughts underlying 
their smart home idea. They were also asked to comment on the suitability of one 
another's smart home control and functions for themselves. 
Follow-up Telephone Call 
The day after the workshop, a telephone call was made to the participants to thank 
them for attendance, and to ask them for their comments and opinions on their 
experience. The semi-structured phone interview was brief but provided the 
researcher with useful information to improve future workshops. 
8.3.4 Pragmatic issues 
To ensure that the workshop procedure would satisfy the objectives, it was informed by 
academic literature (Cain, 2005; Demirbilek and Demirkan, 2004; Gyi, et al., 2005b; 
Koskinen and Battarbee, 2003; Sanders and Dandavate, 1999; Sanders and William, 
2003) and through close consultation with individuals who had experience of the 
techniques involved in co-design within scientific research. 
The researcher ensured that suitable facilities were in place for the workshop to run 
effectively and support the participant's comfort, i. e. suitable toilet facility and car 
parking spaces. When required, taxis were organised for participants and other 
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transport costs were also met. As a token of appreciation participants were given a gift 
voucher. The total time for the workshop was purposely limited to three hours including 
arrival and departure time in consideration of the needs of the older and disabled 
participants, and busy lifestyles. 
8.3.5 Data analysis 
The objective of the Co-design Workshop was not to develop a finite smart home 
product or control; the smart home control was a medium, to capture and embody 
participant's previously unspoken needs and desires. To analyse the data, initially, 
each set of information relating to individual participants was investigated separately. 
Triangulation was made between four sources of the Co-design Workshop: 
1. The participant's model 
2. The participant's workshop sketches; 
3. The participant's workshop sketch comments; 
4. The transcription of the verbal presentation; and 
These data were tabulated by the researcher to identify the key model attributes, and 
presented to the industrial designer in a face-to-face meeting. The designer was 
himself, by this stage, immersed in the project goals and findings to date. The purpose 
of the meeting was to carry out another level of analysis; each individual participant 
was discussed in-turn and their Co-design Workshop data investigated. A process of 
synthesis was carried out by making comparisons between each of the individual's 
sources of data. Positive and negative features of each and similarities between them 
were discussed. Finally, profiles were derived for four different smart homes; to 
embody all the participant's needs, requirements and desires. 
A scope was written for each of the four final smart homes, detailing the information 
captured from the participants in the Co-design Workshop relevant to the four profiles. 
Over the following three weeks, the industrial designer then produced two-dimensional 
and three-dimensional sketches of smart home technologies based on the scopes. 
Computer Aided Design (CAD) images, models for each of the smart home 
technologies were also developed by the Industrial designer from the sketches. 
8.4 Results 
Following a description of the sample, the results are presented in three sections. 
First, the model developed by each case study participant who took part in the Co- 
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design Workshop (Section 8.3.2) will be presented alongside other findings from the 
Home Case Study. Second, reflections on the co-design workshop and the success of 
participants' idea generating, sketching, modelling and verbal presentation are 
discussed (Sections 8.3.3 and 8.3.4), followed by the participant feedback on their 
experience in the Co-design Workshop (Section 8.3.5). Finally, the designer concepts 
that embody the findings will be presented (Section 8.3.6). 
8.4.1 Sample 
Eight out of the original twelve participants took part in the Co-design Workshop (Table 
8-1). Two individuals could not attend at the time and date proposed and a further two 
cancelled at late notice. A transcription of participant 5's interview proved impossible to 
obtain, due to a very poor sound recording, therefore, this profile is based on interview 
notes. It can be seen that participants live in four types of home, consisting of a 
number of different occupants, age ranges and occupations. 
8.4.2 Section One: Participant's Case Study Home requirements 
Participants were asked to model a smart home control that encompassed elements 
from all of their sketched or written ideas. Each participant profile is now presented 
with the information that emerged from the Home Case Study (probe study and home 
interview), the Co-design Workshop (sketches and a photograph of the model) and a 
description explaining the focus of the model. 
Table 8-1: Gender and home composition across the sample (the participant number is 
consistent with Chapter 7 but the participant's original names have been substituted). 
Participant Original participant Type of home 
Type of Occupants (n) (gender, age, occupation) household 
Tracy (4) Female 40 Works full-time Detached house Married with daughter 3 
Chris (5) Male 34 Not working Detached house 
Physically disabled, 
living alone 
I 
Keith (6) Male 36 Works full-time Bungalow Married couple 2 
Dan (7) Male 40 Full-time student Apartment Couple 2 
Grace (9) Female 31 Full-time student Apartment 
Shared 
accommodation 
2 
Rachel (10) Female 32 Not working Detached house 
Physically disabled, 
living alone 
1 
Gladys (12) Female 65 Retired Apartment 
Married, cares for 
husband 2 
Rose (13) Female 66 Retired Apartment Lives alone 1 
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Tracy - participant 4 
Participant 4 (aged 40) lives in a three bedroom detached house with her husband, 
teenage daughter, and was the only participant with pets (two dogs and a cat). The 
family are very busy with many hobbies, school and work filling everyone's schedule. 
She had particular safety concerns with all technology requiring electricity, demanding 
that all plugs were removed from their sockets before sleeping and in absence from 
home for, "peace of mind when you go away. " Despite perceiving it to be unnecessary, 
the remaining members of the household also carried out this task. Her favourite items 
were the PC, for work and play, and the DVD/video player, because the whole family 
can enjoy the same activity. Least favourite items included, a PDA because it is 
deemed impossible to use, and the broken dishwasher. Nonetheless, the next 
purchase was going to be a new PC, rather than a new dishwasher. The newest 
technology item was a time- using DVD/video player for the whole family to enjoy, and 
the oldest a broken entertainment centre. The demands that emerged from the 
interview for her smart home are displayed in Table 8-2. 
Participant 4 stated that the placement and position of objects and controls in the home 
reminded her to carry out specific activities or duties. Smart technology was 
anticipated to provide additional methods and greater convenience in the control and 
monitoring of the home. Demands for the smart home were orientated around her 
need to maintain control in the home, `lt doesn't control me, I control it. Whether I use 
it or not, yeah? And it is not intrusive, `cus if I want the information, I can then go and 
Table 8-2: Functions and design information from the home interview used as a 
basis for the Co-design Workshop for participant 4. 
Functions I Design information 
" Help prepare to go away for the 
weekend - electric off / alarm set / 
windows locked / timer lights on etc 
" Home status when away from the 
home, e. g. faults / leaking taps etc 
" Cat and dog locator 
"A versatile alarm system: set alarm 
and go 
" Have a fixed location in the cupboard 
(kitchen larder), next to the heating controls 
" Not be movable because of a worry of it 
getting lost and being eaten by children 
0 Be a similar size to the heating control 
" Have informative buttons e. g. Have stickers 
or icons to inform you of the button function 
" Have more interactive functions than " Green lights and red lights informing 
automated functions because you want normal use and problems / alerts. 
to stay in control 
" Contacts button with information on Flip-up bottom half which hides the 
their home presence programming 
" Set night lighting Perhaps, as soon as a light goes red it 
sounds an alarm 
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seek it. " Particular emphasis was placed on maintaining tangible and physical objects 
and controls (existing methods to control the home) as they support the perceived 
affordance yet, the controls needed to be out of sight, for aesthetic reasons, and out of 
reach of her child. Emphasis was placed on the efficient use of time, to provide 
convenience when leaving the home in a hurry and in the desire to know whether 
parents were available to answer a phone call, "I am fed up of my parents not being in. " 
This function would also give the participant knowledge of whether her parents were 
actually home or not, "my mum is deaf you see, so you don't know if they are in, or if 
she is in and can't hear the phone. " 
Her prototype (Figure 8-3) expressed control over the home. Her busy lifestyle and a 
high safety priority lead to the main requirement for greater complete home control, for 
example, a master control to ensure that all electrical items are off. Interaction with her 
smart home system matched existing and natural interaction. The main control was 
located, hidden in the same cupboard as the central heating boiler system, indicating 
that the smart home system control was perceived similarly. The participant illustrated 
a natural interaction with the smart home of a time-saving task, locating the cat before 
leaving the home. 
Chris - participant 5 
Participant 5 (aged 34) lives in a semi-detached house fitted with some assistive 
technology to support a physical disability and blindness to one eye. Nonetheless, he 
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Figure 8-3: Example of participant 4's sketches and model. 
Figure 8-4: Participant 5's bespoke desk, an additional unit has been placed on the 
original desk to support standing whilst interacting with the computer. 
uses a car and is active, attending the gym and the disabled swimming group. He no 
longer works but is hoping to work again in the near future. The usage of his computer 
demands a bespoke desk to allow standing, as sitting for prolonged periods of time is 
uncomfortable (Figure 8-4). 
Participant 5 described being technologically knowledgeable, having previously worked 
in the IT business. His favourite item included the PC and television, whilst the 
`obsolete' VHS video recorder and broken dishwasher were described as his least 
favourite. The oldest and newest items were both radios. The participant found 
standing up from being seated painful and difficult. Demands for the smart home 
expressed in the interview (Table 8-3) focused on remote control, voice control of the 
local environment, and to contact the emergency services. 
Participant 5's smart home control (Figure 8-4) embodied accessible control of local 
technology to overcome existing difficulties. Primarily, this included voice control and a 
few simple buttons for quick and easy use. The control was portable, but an explicit 
demand was expressed that it was not to be a wearable device. 
Table 8-3: Functions and design information from the home interview used as a bas- 
is for the Co-design Workshop (N. B. Limited functions due to poor audio recording). 
Functions Design information 
" Emergency call - automatically phones for help if " Speech controlled 
needed; relatives and 999 emergency 
" Dim / brighten kitchen lighting & room currently in " Portable 
" Remote temperature adjustment 
I 
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Figure 8-4: Example of participant 5's sketches and model. 
Keith - participant 06 
Participant 6 (aged 36) is married and lives with his wife in a detached two bedroom 
bungalow. Although they have a computer and entertainment technology, he 
described himself as a miser who is prepared to `make do'. On the contrary, his wife is 
happy to spend money. Despite a broken on-off switch that has been crudely, if not 
dangerously bypassed, evenings are spent watching television (their most used item of 
technology). The alarm system is dysfunctional, with visible wires hanging loose. For 
safety reasons (preventing a fire), participant 6 ensures that all plugs are removed from 
the wall sockets in the evenings. This latter habit is contradictory `safe' behaviour, 
contrasting with the status quo, i. e., the wires hanging from the security system, do-it- 
yourself fixing of the mobile telephone battery, and the broken television on/off switch. 
Participant 6's favourite item was the ISDN internet connection, "because they can 
connect to the internet quickly", and the gas cooker because it was cheap, yet reliable 
and simple. The least favourite items of technology were not working properly: the TV 
remote control and his mobile telephone, "because it does not re-charge properly. " 
The newest items were both time-using goods: a DVD player and flat screen monitor, 
with the oldest a 1950s Eubank carpet sweeper, still in use! 
Participant 6's requirements for the smart home system were oriented around safety, 
knowing the status of and controlling all technology in the home, "perhaps one (home 
control) on every door to the house... all doing the same thing, and then possibly one 
by each bed so you could turn things up at night. " However, his wife had a different 
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anticipation, "I just prefer one, yeah, I could just carry it around, saying, `hallway light 
off' or something and it (the home) switches it off. " His wife was also concerned for 
physical deterioration in ageing, "say in 20 or 30 years time I develop Arthritis or 
something... fiddling around with buttons would be a bit too fiddly... I'm thinking if you 
could talk, if your eye sight wasn't too good, you could speak and give it commands. " 
The demands that emerged in the interview are displayed in Table 8-4. 
Participant 6 focused on the ability to control the whole home from the sofa. In the 
workshop two prototype devices were built, one more portable than the other and one 
with greater functionality, allowing the user to control technology in the whole home, 
rather than just the local environment. The control used both buttons and a touch 
screen, indicated in the sketches in Figure 8-5. 
Table 8-4: Functions and design information from the home interview used as a 
basis for the Co-design Workshop for participant 6. 
Functions Design information 
" Local environment: Lighting, heating - Not be too little as it would get lost 
zoned heating and ventilation down the sofa 
" Security - operate the lights randomly 
whilst you are out as a security measure 
"A touch screen, big with big buttons, & 
medium with "handle-able buttons" 
" Prepare the home heating for your return 
when you have been away 
" Acknowledges your home presence and 
changes to manual setting 
" Communication - video phone calls 
" Be next to the front door, back door 
and the side door and next to each bed 
to control things at night 
" Grey or black in colour but must be in 
strong contrast to the colour of the wall 
" Plugged into the mains 
Figure 8-5: Example of participant 6's sketches and model. 
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Dan - participant 07 
Participant 7 (aged 42) lives in a small two bedroom apartment on the second floor of 
an apartment block with his partner. He spends a lot of time in the home as he works 
from home. Without a television, time is spent drinking tea, reading, writing and 
listening to the radio, "the radio is probably on 90% of the time. " There are two laptops 
in the home both for working and using the Internet. 
Favourite items include a digital radio receiver and his mini-disk system that is used to 
record the radio. A broken amplifier is described as the least favourite item along with 
the alarm clock/radio which does not provide digital radio and has poor quality 
analogue reception. The oldest item is a hi-fi system and the newest is the broad-band 
modem and laptop computer. 
The smart home system was envisaged as an aware system with intelligence to 
support minimal interaction, and automating tasks based within his routine and habits, 
"I always listen to the same (radio) station in the morning up until a certain time and 
then I will switch over because I know what I want to listen to. I envisage something 
that I don't have to do anything for, apart from setting it up at the very first stage. After 
that, we have got enough blimin' remote controls anyway, I don't want anything else to 
over ride it... l wouldn't want to be changing things regularly. I'm not a technophobe by 
any means.. . once 
it is right I just want to leave it. After a month I would just tweak it. " 
However, participant 7 does demand local control of the environment with greater 
control of the home through the laptop, "as long as I knew where it was, I'd go back to it 
but for more kind of sophisticated things, I just imagine going to my PC and doing it 
there. " The physical control device described must be, "something that someone has 
really considered... one multi functional device has to be better than five ... as 
long as it 
is simple, clean, attractive. " It was also considered important to ensure that any 
system was flexible enough for any potential buyer of the house. The demands that 
emerged in the interview for participant 7's smart home, and used as a basis for the 
Co-design Workshop, are displayed in Table 8-5. 
Participant 7's prototype was a family of devices (Figure 8-6), one portable, and one to 
be left in the home, with each occupant having his own device. All of the devices were 
portable with a minimum number of buttons that indicate a `favourite' action. There is 
no physical mechanism for feedback from the smart home system on the device, the 
participant indicated that the home is full of electronic `surfaces' suitable for the 
feedback requirement, leaving no reason for another screen. 
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Table 8-5: Functions and design information from the home interview used as a 
basis for the Co-design Workshop for participant 7. 
Functions I Design information 
Will require minimum intervention, "imagine " Liked the tablet but would perhaps 
going over and spending five minutes with want something a little smaller, "hand- 
it" sized" 
" Functions in the home will also be 
controlled using a pc 
" Anticipate adapting the functionality to 
personal lifestyle 
" Customisable functions: "can't envisage 
doing many thing with it" but wants the 
option of controlling everything, and having 
the ability to access all from a single point 
" Feel obliged to make it adequate for future 
home owners 
" Have to be future proof 
" Switching on radio 
" Advance heating 
0 Automatic kettle in the morning 
" Home shopping list 
" Will slot into a wall next to the front 
door 
" Something someone has taken time to 
consider 
" Prefer touch screen to button control: 
robust, wipe-able, easily cleanable 
0 Robust but feel nice 
0 Aesthetically interesting 
" Tactile 
" Won't be carried around the home 
" Single remote that controls all items 
" Simple, clean, attractive 
" One device per person 
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Figure 8-6: Example of participant 7's sketch and model. 
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Grace - participant 09 
Participant 9 (aged 31) is a young professional, living with one other female in a new, 
two bedroom-apartment. The home is clinically clean but spacious. Despite only two 
occupants, the household spends minimum time in the apartment enjoying the 
outdoors, hiking and sports. Therefore, there is not a great emphasis on using 
technology and minimum investment in new consumer technology products. 
Nonetheless, there is a PC and a laptop computer, a stereo system and a television. 
The participant described herself as not particularly keen on technology. Her favourite 
items are a digital camera, followed by the telephone. Least favourite items are again 
items that do not work properly; the television's picture frequency turns pale (also the 
oldest item) and an alarm clock radio that hums. The demands that emerged in the 
interview for her smart home and used as a basis for the Co-design Workshop are 
displayed in Table 8-6. 
Table 8-6: Functions and design information from the home interview used as a 
basis for the Co-design Workshop for participant 9. 
Functions I Design information 
0 Heating, lighting, entertainment 
" Open to the potential of automation - 
curtains, lighting 
0 Answer the door from anywhere 
0 Answer the phone from anywhere 
" To find a particular product e. g. keys, 
wallet 
"A centrally controlled system - lights 
separate 
9 Too many rather than too few buttons 
" Would not be multi-functional in that you 
would prefer separate devices for 
entertainment to heating and lighting 
0 Voice activated or sensors for lights 
0 Needs to be homely, not work like 
"A control in every room that you would 
just go to - certainly something on the 
wall not something to carry around (or 
anything portable) 
" Perhaps a tablet as a central control, 
likes the size and shape of it but too big 
to be in every room and too big to carry 
Participant 9's smart home demands are very simple compared to many of the other 
participants, recapitulating her statement of not being keen on technology. 
Nonetheless, her demand (Figure 8-7) provides a solution to a practical problem of 
losing items in her home. Emphasis is placed on the device being fixed to the wall to 
prevent the device itself being lost, and only supporting a single function rather than 
enabling additional complexity. 
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Rachel - participant 10 
Participant 10 (aged 32) is a physically disabled female living alone in a detached 
three-bedroom house. The stairs and upper floor are no longer accessible due to her 
limited use of one hand and leg. Nonetheless, she is very active, attending the gym, 
travelling, studying and is involved in a variety of local committees, using a bespoke 
three wheel bicycle for local travel. Participant 10 is exceptionally passionate about 
environmental issues and sustainability. There is a PC in her home but it is not used 
regularly due to frequent frustration with software applications. Other technology also 
causes frustration with the confusing language written in the instructions. In addition to 
the general frustration with the use of technology, despite a desire to know about 
technology, participant 10 was particularly annoyed with her lack of knowledge in 
relation to new technology. 
Favourite items of technology include an entertainment centre for listening to music 
whilst in the kitchen; a cordless telephone, allowing the participant to overcome 
restricted mobility and not miss telephone calls; and a digital diary. Despite 
determination and a positive attitude towards technology, the PC was described as her 
least favourite product due to frequent frustrations. A bread maker was recently 
purchased and the oldest item of technology was a radio cassette player. 
In discussion of future desires for technology in the home, participant 10 emphasised 
her perseverance with physical tasks, but desired a remote control for tasks that cause 
particular physical difficulty, e. g. the curtains. Table 8-7 displays the demands used as 
a basis for the Co-design Workshop. 
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Figure 8-7: Example of participant 9's sketch and model. 
Table 8-7: Functions and design information from the home interview used as a 
basis for the Co-design Workshop for participant 10. 
Functions I Design information 
" Strong interest in having knowledge of 
energy consumption and efficiency, 
especially light bulbs 
" Not a touch screen - too much space 
taken up 
" Want to stay in control and push buttons 
rather than automation 
" Lighting, curtains & window cleaner - 
especially tasks that take time 
" Independent of TV and Hi-fi functions 
" Knowledge and ability to check and change 
computer and internet state (on and off) 
" Unsure over whether to integrate with 
existing garage door control 
" Remote telephone answering device 
" Perhaps something small enough to 
carry on your person (wearable) 
" Something small. perhaps round, hard 
material 
0 Something not imposing on the decor 
" The device will be kept in the home to 
prevent loss 
Participant 10's prototype (Figure 8-8) is a portable device that provides functionality 
for the majority of home technology, but specifically jobs and tasks that the participant 
found physically difficult, as expressed in the home interview, for example, "tasks that 
take time, "opening and closing windows and curtains, and using the phone, a task 
that, "is a bit of a nuisance, I. e. when you are trying to write something down and you 
have one hand that works and one hand that doesn't. " The device was shaped for 
ease of use but did not match the demands that emerged in the home interview, i. e. 
"perhaps something small enough to carry on your person. " The tasks were indicative 
of a remote control for technology that relieved the need for difficult physical actions. 
Figure 8-8: Example of participant 10's sketch and model. 
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Gladys - participant 12 
Participant 12 (aged 65) is retired, and the main carer for her husband who had limited 
mobility and is partially deaf. They live in a two bedroom ground-floor apartment with a 
budgerigar. She is very active, and maintains a social network of friends by attending a 
lunch club and a 55+ exercise club. Her children live abroad. Close friends also live in 
the same block of apartments. Despite her husband's physical disability, there is 
minimal assistive technology in the home. The house is kept immaculately clean and 
tidy with minimum clutter. Despite negative experiences with everyday technology, due 
to poor usability and difficulty with accessibility, participant 12 has a positive attitude 
and perception of new technology. 
Her favourite technology devices are stereotypical time-saving technology, including 
the washing machine, "as I would not like to go back to hand washing items, " and the 
vacuum cleaner. Despite difficulty with the control of the central heating system, 
participant 12 does not express a least favourite item of technology whilst the coffee 
machine is the newest product, and the oven the oldest. 
Demands for the smart home are borne out of difficulties and frustrations previously 
experienced with technology: simple control of the local environment, increased 
personal safety, home security and specific annoyances, cold calling and accessibility 
issues, in relation to the control of heating and cooking `gadgets'. Participant 12 found 
interaction with existing home technology particularly frustrating, "I would want one 
remote where it is pretty much heating and lighting and everything, rather than having 
switches, nobs and lots of things. " She also envisaged automation of technology, 
including the lighting, "rather than clicking and pressing that, if you walked in a room 
(the lights would turn on). " However, a friend's experience gave her some concern for 
wearable technology, "a friend got broken into and she had one round her neck (a 
lifeline pendant), so they charged at her and one pinned her arms, and the other put his 
hand over it so she couldn't press it! " Participant 12 had the impression that removing 
all activity in the home would speed physical and cognitive decline and neither wanted 
tasks taken away through a remote control nor task automation. For example, she did 
not want the curtains to be automated because they are "manageable". The demands 
that emerged in the interview for participant 12's smart home, and used as a basis for 
the Co-design Workshop, are displayed in Table 8-8. 
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Table 8-8: Functions and design information from the home interview used as a 
basis for the Co-design Workshop for participant 12. 
Functions Design information 
" "In an ideal world, we would have one " "Would prefer a couple of devices, one 
remote to cover all, to replace switches, which does a lot and another with fewer 
knobs, tabs, that are a menace as one gets functions" 
older" " Big, rubberised buttons 
" Security all around the home 
" To make the control of the heating much 
simpler 
" To cut off all cold sale phone calls 
" Emergency button in the event of an 
accident 
0 Functions clearly set out 
" Pictures on the buttons indicating 
function - no numbers! 
Feedback from pictures - "if I pressed 
the wrong button it would show the 
wrong picture so I would know" 
0 Small, yet, it will not be carried around 
Participant 12 emphasised the use of images on dedicated buttons to support the 
control of technology in the home, rather than single buttons that have a number of 
functions. There was an emphasis on the smart home knowing when the wrong button 
is pressed and indicating this on the device. Participant 12 perceived the smart home 
to contribute to a more convenient lifestyle, by providing control of the whole home, 
without travelling around the home, "check through the house in one go. " There was 
also an emphasis placed on safety, and quick access to the emergency services. 
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Figure 8-9: Example of participant 12's sketch and model. 
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Rose - participant 13 
Participant 13 (aged 66) lives in a two-bedroom apartment on the second floor of an 
apartment block. Although participant 13 is not anti technology, she has the least 
amount of technology compared to the other participants. She owns an old black and 
white television, and although a stereo is present with a compact disk (CD) player, 
there are no CDs. The house is spotlessly clean with minimum clutter and she is very 
proud of her electronic bed, to facilitate bed egress and with a massage function. Like 
participant 12, participant 13 is concerned that excessive technology will speed the 
onset of age related physical and cognitive decline. 
The specifically cheap washing machine and microwave oven are participant 13's 
favourite items. Due to rare usage, the toaster and sandwich toaster are her least 
favourite items. The television is about 20 years old and the electronic bed the newest 
item of technology. The demands that emerged in the interview for participant 13's 
smart home, used as a basis for the Co-design Workshop, are displayed in Table 8-9. 
Participant 13's smart home desires focused on chores in the home that are now 
particularly difficult to carry out, but emphasised minimum functionality, and low 
technology sophistication, e. g. automatic curtains and window washing, "as long as I 
am able and got my health, I'll manage with the gadgets I've got. " Participant 13 
emphasised a future device situated in her local environment, "you'd have to have it in 
situ somewhere, where you would know where to find it, small and portable. " 
Participant 12 demanded big, raised, rubberised buttons to interact with technology. 
Participant 13's smart home window cleaning device (Figure 8-10) emphasises one 
function, similarly to participant 10. The technology would solve her frustration of not 
having the physical ability to clean the windows, without dangerously leaning out to 
gain access. The device would live unobtrusively in the living room, providing access 
with a simple button. The sketches even suggested ideas behind a technology solution 
for the window cleaner design. 
Table 8-9: Functions and design information from the home interview used as 
a basis for the Co-design Workshop for participant 13. 
Functions I Design information 
" Automatic flush toilet 
" Run a bath at the touch of a button 
" Shut the curtains 
" Automatic window cleaner 
" Automatic vacuum device 
" Small - dependent on functions 
" Not carry it around 
" Big buttons 
I" Pictures on the buttons 
0 Something small with minimal functions 
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Figure 8-10: Example of participant 13's sketch and model. 
8.4.3 Section Two: Idea generation, sketching and participant feedback 
Although three participants voiced initial concerns (due to a lack of confidence in their 
sketching ability), all participants successfully took part in the sketching and modelling 
activities. The differences between participants in their vision of the smart home led to 
very few similar technology features across the group. This is illustrated when the 
eight models are viewed together (Figure 8-11). 
The different communication methods for each participant are displayed in Table 8-10. 
All participants managed to convey their ideas effectively. Participants 6 and 10 
preferred to write descriptions about their ideas and only sketched one of their four 
Figure 8-11: Participant's models (neither to scale nor relative in size). 
190 
Table 8-10: Method for and number of communication ideas in the Co-design 
Workshop sketching activity. 
Case 
Study 4) (D 
r- o-. ý 
ä 
°' 
U) 
0 Communicated Information in addition to 
Home N 
,e N 0N N 
.ö 
NC 
ideas sketch annotations 
o o ) - 
Tracy (04) 3 - -  3 Example of anticipated interaction 
Chris (05) 1 1 -  3 - 
Keith (06) 1 1 3  5 Display interface design 
Dan (07) - 5 -  5 
Email after workshop with latent 
ideas 
Grace (09) 3 - -  3 - 
Rachel (10) - 1 3  4 - 
Gladys (12) 4 - -  5 - 
Rose (13) 1 1 -  2 - 
ideas however. Two-dimension (2D) and three-dimension (3D) sketches were 
annotated to indicate specific functionality. Two participants sketched in 3D only and 
three in 2D only. Three examples are shown in Figure 8-12 and 8-13. 
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Figure 8-12: Illustration of 
different participant's 
communication methods 
Participant 4's example 
scenario of her anticipated 
interaction with her smart 
home. 
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Figure 8-13: Illustration of different participant's communication method. Left: Partici- 
pant 7's 3D sketch with annotations, with directions communicated to the designer for 
location and feelings, "I want to feel happy picking it up and using it. " Right: Partici- 
pant 6's illustration of his anticipated display-screen interface. 
Following the verbal presentations of each participant, they were asked to comment on 
their likes and dislikes regarding the concepts presented by the other participants. Six 
out of the eight participants commentated on at least one other design but only one 
participant commented on all designs. Interestingly, participants 12 and 13 (the oldest) 
didn't comment on the designs. Comments are shown in Table 8-11. 
Table 8-11: Positive and negative comments from participants in reference to 
other peers model presentations. 
Features that received positive 
comments 
Features that received negative 
comments 
" Voice activation " Excessive buttons 
" Familiar interaction paradigms Not suitable for an individual's lifestyle 
" Minimal functionality, "Nice and simple" " Limited use 
" Radical / fun / unique / novel ideas " Very bulky / heavy designs - 
" Comprehensive designs (accounts for 
everything) 
" Complicated designs (too much 
functionality) 
" Simple / intuitive interaction paradigms " Too simplistic 
" Simple feedback " Anything portable 
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Participants commented positively on their experience of the Co-design Workshop and 
considered themselves to have real ownership of their designs, and perceived their 
efforts to be a true part of the development process. The two participants over 65 
(Rose and Gladys), who did not complete their De-brief questions, expressed their 
enjoyment in the Follow-up Telephone Call with one commenting, "I especially liked the 
social side ... 
1 could have been doing it all afternoon! " The other participants were 
equally positive with one comment specifically about the design of the procedure, Dan 
stated, "if I was to do the same thing, I would do it in the same way. " Four participants 
commented that their most enjoyable experience was listening to other people's ideas 
and having the chance to develop their models. Grace described what she enjoyed the 
most, "seeing other people's designs: hearing other people's ideas and needs. " Tracy 
commented, "the ability to see my idea developed, i. e. have something in my head [and 
develop it] to a model. " Interestingly, Tracy commented on her surprise at people 
having similar ideas but, simultaneously, other people's designs would not have been 
suitable for her home. Three suggestions were raised for improving future co-design 
workshops: 
1. Timings: Four participants commented that they would have preferred more 
time for the activities. 
2. Nervousness: Four participants commented that they would have preferred 
more encouragement or an exercise to motivate discussion at the beginning. 
They felt that either they themselves or people in their group were nervous. 
3. Physical ability: Rachel, a physically disabled participant, commented on the 
difficulty of modelling with the full use of only one hand. 
A number of participants asked who owned the intellectual property to their design. 
One participant even made an attempt to `copyright' her designs by writing a© on all of 
her sketches (see the top left corner of the sketch on the left of Figure 8-12 left)! 
8.4.4 Section Three: Interpretation of the Co-design Workshop findings 
Following the Co-design Workshop, key attributes for each of the participant's sketches 
and models were documented in a matrix from the workshop sketches, written 
comments and the verbal presentation. Not all the information could be documented in 
this way however. To maintain rich information captured in the home case study and to 
give the designer an understanding of the participants, a profile for each participant 
was produced and presented to the designer with photographs of the original models. 
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Table 8-12: The key differences between smart home control devices. 
Smart home control device 
Memory 
Assistant Local Control Passive Device Master Controller 
Concept 
Propertie s 
Functions of the Single function 
Few functions 
with user - 
Monitors the home and alerts the Potential for 
control device 
------------- ------------------- 
defined favourites 
------------------- 
user, as defined by the user 
------------------- - - 
complete control 
------ 
Locus of user- User initiates User initiates 
- - ----------- 
Home unobtrusively initiates 
---------------------- 
Interaction initiated 
system control 
------------------- 
interaction only 
------------------- 
interaction only 
------------------- 
interaction 
---------------------------------- 
by the user or 
home, intrusively 
---------------------- 
User-system 
System interface System interface The device subtly and 
The device displays 
interaction is displayed on is displayed on a unobtrusively alerts the user all 
interaction and 
the device 
- 
local device the home status 
------------------- ------------------ 
Permanent fixed 
------------------- 
Portable with 
---------------------------------- 
Permanent 
---------------------- 
Housed location permanent Portable 
; 
location Portable 
storage location 
The participant's models were then discussed with the designer. The attributes for 
each of the participant's smart homes, desires and requirements were compared. The 
strongest differences and similarities between the participants were noted for input into 
user-led concept priorities to encapsulate needs. This process led to four final smart 
home controls which strove to embody the range of needs and desires for the smart 
home that emerged from the Home Case Study and Co-design Workshop. The 
designer then took all the information and over three weeks produced sketches 
(examples can be seen in Appendix 3-3) and computer aided design (CAD) models of 
each. The four concepts (displayed in Table 8-12) have a small number of similarities 
but have interesting and fundamental differences. 
A more detailed description of the four concepts produced by the designer are now 
presented, alongside the relevant sketches and CAD models. The differences between 
the devices are indicative of the differences between the smart home and requirements 
that they represent. 
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Concept 1: Memory Assistant 
The home does not incorporate a home-wide smart home system; rather existing home 
technology would not be replaced. The home has individual new technology that 
provides simple benefits to the user, in this case a memory aid to help locate misplaced 
items. Key requirements are displayed in Table 8-13 with an illustration in Figure 8-14. 
Table 8-13: The key requirements of Concept 1: the Memory Assistant. 
Concept 1 Specification 
requirements 
Functions " One, single function. 
" The device will provide the location of pre-defined objects, i. e., items in 
the home that are likely to get lost, e. g., car keys, wallet, or need to be 
found quickly and easily when leaving the home, e. g., the cat or dog. 
------------------- -------------------------------------------------------------------------------------------- 
Interaction . Information will be communicated two-way between the device and the 
principles human. 
" The device will only respond when the user initiates interaction. 
------------------- -------------------------------------------------------------------------------------------- 
Location of 
" The device will have a permanent location to prevent loss. use 
------------------- -------------------------------------------------------------------------------------------- 
Physical " Information is communicated from the system to the human via the screen 
properties on the device. 
" Buttons with one specific function, will provide the main interaction. 
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Figure 8-14: The designer's sketch and CAD model: the Memory Assistant. 
%+ý. 
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Concept 2: Local Control 
The home is aware of all occupant behaviour and behaviour surrounding technology. 
The occupant customises the home system to behave in an occupant-defined manner. 
The smart home will respond to user interaction, not initiate interaction, and so only 
function when it is initiated by the specified user. The occupant envisages minimum 
interaction with the home, when he desires. Key requirements are displayed in Table 
8-14 with an illustration in Figure 8-15. 
Table 8-14: The key requirements of Concept 2: the Local Control. 
Concept 2 Specification 
requirements 
Functions " The device only provides control and interaction with technology in the 
direct environment, e. g. lighting and heating, entertainment systems. The 
home PC or laptop will change macro system preferences. 
" The device will offer only necessary control within the home. 
--------------------------------------- --- ------------------- 
Interaction 
------------------------------------------------- - 
" Existing devices in the home will provide the only visual feedback. The 
principles device can interact with any `screen' in the home to provide full 
functionality, e. g. mirrors, television, PC screen. An assumption was 
made that in every room there would be a `screen', to provide interaction. 
" The occupant interacts with the home through the portable device. 
------------------------------------------------------- ------------------- 
Location of 
------------------------------------- 
The device is portable and carried by each individual in the home use 
-------------------------------------------------------------------------------------- ------------------- 
Physical 
------ 
" Tactile finish that is in-keeping with the home decor. 
properties Non-traditional technological look, it should be fun looking. 
" Only a few buttons for navigation, with the additional buttons for favourite 
and preset functions. 
" Light weight for portability. 
"A family of stylised devices would represent all user-system interaction. 
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Figure 8-15: The designer's sketch and CAD model: the Local Control. 
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Concept 3: Passive, Wearable and Decorative, Devices 
The smart home is aware of the status for all home technology. When an action is 
required, the user is alerted. The device reassures the user that everything is well in 
the home by not communicating with the user. Key requirements are displayed in 
Table 8-15 with an illustration in Figure 8-16. 
Table 8-15: The key requirements of Concept 3: the Passive, Wearable and Decorative, 
Devices. 
Concept 3 Specification 
requirements 
Functions " The two devices both provide passive monitoring of the home but only 
initiate contact when it is deemed necessary, as defined by the occupant. 
" The status of the home is always visible to the occupant. 
------------------- 
Interaction 
-------------------------------------------------------------------------------------------- 
" Interaction is initiated by the home to the user, interaction is then required 
principles from the user to acknowledge that an incident has been dealt with, or to 
instruct the system to deal with the incident. An incident does not have to 
be life threatening, it could simply be the daily post arriving. 
" The intrusion level for any information, will be determined by the deemed 
importance of that information, as predetermined by the user. 
" The status of the home is non-intrusive if it is not critical, e. g., the 
wearable device may change colour or the decorative device may display 
------------------- 
pictures of particular relevance. 
-------------------------------------------------------------------------------------------- 
Location of " The stable location of the Portable Decorative Device will be determined 
use by the occupant. 
------------------- 
Physical 
-------------------------------------------------------------------------------------------- 
" The Passive Wearable Device will be small enough to wear. 
properties The Passive Decorative Device will sit unobtrusively (until the attention of 
the occupant is required) in the home, perceived as decoration, rather 
than an obvious and intrusive item of technology or visible surveillance. 
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Figure 8-16: The designer's sketch and CAD model: the Passive, Wearable and 
Decorative, Device. 
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Concept 4: Master Controller 
The home is aware of all occupant behaviour and behaviour surrounding technology. 
The user device is capable of controlling all home technology, and at the user's 
discretion having the capability to replace physical tasks. The functionality of all 
concepts is incorporated into this concept. Key requirements are displayed in Table 8- 
16 with an illustration in Figure 8-17. 
Table 8-16: The key requirements of Concept 4: the Master Controller. 
Concept 4 Specification 
requirements 
Functions 
------------------- 
Interaction 
principles 
------------------- 
Location of 
use 
------------------- 
Physical 
properties 
" The device will provide total control and information relating to all 
technology in the home, and enable the user differ physical tasks. 
-------------------------------------------------------------------------------------------- 
" Interaction between the human and the smart home can be initiated by 
the home or the human, depending on the user preference. 
-------------------------------------------------------------------------------------------- 
" The device will be portable and enable use inside and surrounding the 
home 
-------------------------------------------------------------------------------------------- 
" Interaction will be carried out with a tactile-touch screen. 
" The device will be light weight, yet large enough to enable user-system 
interaction and prevent loss. 
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Figure 8-17: The designer's sketch and CAD model: Master Controller. 
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8.5 Discussion 
Following on from the findings in Chapters 6 and 7, demands for the smart home 
depend on the individual and will necessitate individual customisability. The UCD 
approach taken to investigate the smart home has incorporated a probe study, home 
interviews and the co-designing workshop and led to concepts that are orientated 
around the user, not technology. Three attributes differentiate the interpretations of the 
concepts, these are: smart home system fuction, the locus of user-system control, and 
the nature of user-system interaction. This discussion will focus on these three 
attributes, and the use of co-designing as a method of capturing user requirements for 
technology that neither exists nor people have yet to experience. 
8.5.1 Smart home user-system interaction 
The smart home hierarchy (Aldrich, 2003 and Randall, 2003) differentiates specific 
smart home technological capabilities and this in-turn dictates the functionality and 
perhaps the perceived intelligence of the home. The participants of the Co-design 
workshop developed controls for their personal smart home demands without specific 
consideration for technology sophistication or awareness of the scientific literature. 
Through the triangulation of the Home Interview, Probe Study and Co-design 
Workshop, four distinctly different smart homes, that are not differentiated by 
technology sophistication per se, have been identified. The interpretations of the four 
concepts provide a base on which designers can build and they support a positive 
attitude towards the smart home, as found in the Smart Home workshops. As a result 
of the user centred focus, the concepts are simple but actually demand technology 
sophistication equivalent to the more advanced examples in Aldrich's (2003) and 
Randall's (2003) smart home hierarchy (Table 8-14), for example, a single button press 
will result in complex activity. This simplicity fits with Hindus et al. 's (2001) 
recommendation for designers to respect the importance of perceived simplicity. 
Rogers (1995 and 2003) attributes of the adoption of innovations complexity also 
matches the need for simplicity. Randall (2003) also reported users becoming 
frustrated when a remote control could not be used in a simple and elegant way. 
In Table 8-17 the interpretations of the four Co-design Workshop concepts are 
presented with a comparison to some of Aldrich's (2003) and Randall's (2003) smart 
home hierarchy (second column, discussed in Section 3.1.2). This proves to be difficult 
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however, as the interpretations of the co-design concepts are not necessarily 
differentiated by increasing technology sophistication, which the homes in the smart 
Table 8-17: The key differences between smart home control devices. 
Co-design Smart home Functions Locus of user- Nature of user- 
workshop hierarchy system control system 
concept comparison interaction 
interpretations 
1. Memory 
assistant 
----- 
2. 
----------------- 
Local 
control 
----- 
3. 
----------------- 
Passive 
Device 
----- 
4. 
----------------- 
Master 
Controller 
Intelligent object Single function User initiates System interface 
communicating interaction is displayed on 
smart home 
--------------------- ---------------------- ------------------- 
the device 
------------------ 
Connected Few functions User initiates 
------- 
System interface 
home with user- interaction is displayed on a 
defined local device 
--------------------- 
favourites 
---------------------- ------------------- ------------------------- 
Teaching Home Monitors the Home The device subtly 
(Intille, 2002) home and alerts unobtrusively and unobtrusively 
the user initiates alerts the user 
--------------------- ---------------------- 
interaction 
-------------------- ------------------------ 
Learning home 
(Mozer, 1998, 
2005), Attentive 
home (Kidd et 
al., 1999) and 
Teaching home 
(Intille, 2002). 
Potential for 
complete home 
control 
User or home 
initiates two way 
interaction, 
intrusively 
The device 
displays all 
interaction and 
the home status 
home hierarchy are. This would suggest that the most important elements of the smart 
home, according to the findings of the interpretations of the co-design concepts, as a 
result of the research in chapters 6,7, and 8) are not indicative of technology 
sophistication but, rather, functionality and the perceived control that a human has over 
the home, and the nature of user-system interaction (how the control happens). The 
smart home hierarchy (Aldrich, 2003; Randall, 2003) should not be interpreted as a 
hierarchy for which the most technically sophisticated home will naturally result in a 
greater benefits and a better lifestyle for the home occupant. It appears that the 
indeterminate personal factors influence the perception of the smart home to the extent 
that basic technology is all that some individuals desire. 
Aldrich (2003) suggests that it is the handling of control that increases the potential 
functionality for the smart home. Hamill (2006) suggests that smart domestic devices 
should put people firmly in control. The Co-design Workshop findings support Aldrich 
(2003) and Hamill (2006), showing that the home occupant does not want to relinquish 
control, regardless of the function, and smart home technology should supplement 
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existing control of the home. Despite the acknowledgement of the value of perceptive 
and aware technology in the Home Case Study, the most important emphasis was 
placed on maintaining user empowerment and control/autonomy. The individuals 
reported that they were happy for the system to intervene, for the system to control 
tasks, and for the system to monitor the home however. Unlike much of the smart 
home literature (Bierhof 2007; Laberg et al., 2005; Sandström et al., 2003; Van Berlo, 
1999), health and well being was not the main focus of the Home Case Study and 
therefore not the Co-design Workshop either. Nonetheless, the co-design technology 
concepts were developed by the participants as a mechanism to help cope with 
physical difficulties. This stresses user's perception that smart home can enable 
individuals to maintain control and autonomy. 
The functions of the smart home 
The functions specified and embodied in the concepts differ widely. The first (memory 
assistant) is comparable to the intelligent communicating smart home, the second sub- 
category of the hierarchy of smart homes (Aldrich, 2003 and Randall, 2003), and is 
typical of technology that is available today. The remaining three smart home concepts 
are more complicated and would demand greater technology innovation. 
The ideas behind smart home concept two (the Local Control) signifies the need for a 
smart home for which the user initiates interaction only. It is very much a remote 
control for specific functions in the home but only in the local environment, for example 
the room that one occupies at a particular moment. No demand is embodied in this 
concept for controlling technology that is located outside the local environment. The 
desire behind smart home concept three (the Passive Device) is borne out of the user 
wanting to know about home technology for health and safety reasons, but not wanting 
to have to interfere with additional technology. The user would know that the 
information regarding the status of the home is available but the home would not 
initiate interaction with the home occupant, unless an action is critically necessary. The 
information regarding the home would always be available visibly (to reassure the user 
that the home is functioning accordingly), for example, the smart home system can 
unobtrusively display a picture to suggest that the heating could be changed. This is 
similar to Intille's (2002) Teaching Home, although the Teaching Home suggests 
actions to the home occupant at a specific point or activity. The home system that 
concept three would require would not be aware of specific user activities but would 
operate as a system to assure the home occupant that everything is in order. 
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The fourth concept (the Master Controller) embodies the user need for complete 
functional control of the home. The home system would be able to initiate interaction 
with the user at any point and to automatically adjust technology. This concept has the 
greatest functional similarity to the smart homes that were described in the literature. 
Concepts one, two and three are good starting points for the emergence of the smart 
home. It is suggested by the Smart Home Workshops and Home Case Study findings 
that people were not in dire need of an "all singing and all dancing" smart home. In 
preference, specific devices are called for as suggested by Norman (1999). He 
discussed dedicated and connected information appliances offering the user specific 
and simpler functionality. This is similar to the second smart home (intelligent objects 
in the home communicating and exchanging information) in the smart home hierarchy 
(Aldrich, 2003 and Randell, 2003). This is also in line with the piecemeal approach to 
the smart home as proposed by Edwards and Grinter (2001). The Home Case Study 
findings indicate that people seem to demand far simpler smart homes than originally 
anticipated. This suggests that the Home Case Study and Co-design Workshop have 
captured requirements that are perhaps more realistic to individual functional needs. 
Locus of user-system control 
The interpretations of the Co-design workshop concepts are most useful to the smart 
home designer when they are broken down into their components. Functionality was 
one attribute pertinent to the interpretation of the concepts that emerged in the Co- 
design Workshop. The second and third attributes are related to the user-system 
interaction and affect, therefore, all systems implemented in the home, they are. the 
locus of user-system control, and the nature of user-system interaction. 
The Co-design Workshop findings build on Hamill's (2006) advice to designers that 
smart domestic devices should put people firmly in control. However, the co-design 
Workshop defines four different levels of putting people in control (Table 8-14). Within 
these four levels other considerations have emerged: what object or action is being 
controlled and in what context can the object or action be controlled? When a system 
does not have the ability to initiate interaction with the home occupant then the smart 
home designer does not have to consider how and when interaction should happen. 
These considerations are most important when the system can initiate user-system 
interaction or the system has automated functionality. Hitherto, these considerations 
are not typical for the design of information communication technology (ICT) for the 
home, as they are not capable of initiating interaction based on behaviour. The 
research and design of the automation of systems in industry have considered this 
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balance of control however. Although research is orientated at the work place it is very 
relevant to the home now that intelligent and automated systems may emerge. 
Parasuraman et al., (2000) proposed a model of ten types and levels of automation for 
the full or partial replacement of function that was previously carried out by a human 
(operator). This ranges from the computer system deciding everything, acting 
autonomously and even ignoring the human, to the human being offered no assistance 
and being left to make all decisions and perform all actions. In this latter case, a 
specific differentiation is even made between making a decision and performing an 
action. This comprehensive model of the control of system functionality suggests that 
control in the home will be more complex than simply dictating that domestic devices 
should put people firmly in control, as Hamill (2006) advises. The four types of control 
interpreted from the co-design concepts all assume that the user maintains control but 
the increase in functionality sophistication requires an increase in the ability for the 
system to initiate interaction and support control. None of the models suggest that 
people would be happy to leave a system with complete control of the home. Indeed 
the individuals need for autonomy would suggest that a completely autonomous home 
system is not wanted. Unlike the workplace where some functionality could be 
autonomous, it seems that any home system would never have autonomy to this 
extent. This suggests that a smaller number of Parasuraman et al. 's, (2000) levels are 
applicable to the home and all of those levels must maintain the user's perception that 
they are in control, leaving minimal, if any automated functionality in the smart home. 
None of the concepts aspired to leave all activities in the home to the control of the 
smart home system however. Participants were happy to be alerted to problems with 
the home. Only the user-system control balance expressed in concept four allowed the 
smart home system to initiate interaction freely, in a similar fashion to the description of 
smart homes in the literature that describes `awareness capability' (e. g. Kidd, et al., 
1999). The control articulated in the third concept would allow interaction but only 
subtly, unobtrusively and when there is a particular problem in the home. When this is 
the case, the system will alert the user in the appropriate manner. In this case the 
information about which the user is learning is a result of monitoring the home in some 
way. Unlike that in Concept Two, the user information prescribed in Concept Three 
goes beyond technology in the direct, local environment. 
Concept Four portrays the greatest amount of control being passed over to the smart 
home system. The amount of functionality and control entrusted to the smart home 
system itself is beyond that represented in the other concepts that do not allow the 
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system to initiate interaction with the user. To enable this to be realised, there is a 
need for greater understanding of home behaviour and social interaction, when the 
smart home system can: 
1. Carry out tasks based on user behaviour or/and, 
2. Initiate interaction with the user. 
The first point questions of how systems can know what the user wants. The second 
point raises questions about when can or/and should interaction with the user be 
initiated. The first point is continuously researched and a body of knowledge 
developing algorithms based on behaviours was reviewed in Chapter Three (for 
example, Mozer, 1998 and 2005). The second point has not been as widely 
researched. One example that touched on the subject was Intille's (2002) Teaching 
Home, in which the home system informs the occupant with decision making in regard 
to home activities. The research did not focus specifically on whether or not the 
interaction initiated by the home system was appropriate however. De Ruyter et at. 
(2005) reported on the social intelligence of a home dialogue system but focused on 
the facial aspects of physical social interaction and spoken language. The Co-design 
Workshop concepts do not represent a companion of any sort but social intelligence in 
a wider sense (social appropriateness) incorporates context in which human-human 
dialogue happens. This would be pertinent to the ideas embodied in concepts three 
and four for the smart home system to initiate interaction with the home occupant. To 
achieve this, future research could investigate the appropriateness of smart home 
systems initiating interaction with the user, and the manner in which interaction 
happens. 
The nature of human-system interaction 
The nature of human-system interaction embodied in the four Co-design Workshop 
concepts is distinctly different. None of the models for smart home control were based 
on the traditional keyboard and mouse, showing the ability of the participants to design 
beyond their own experiences and think through their complex needs. The Home Case 
Study reported that as much as possible individuals wanted to maintain existing 
interaction methods with the home. The human-system interaction personified in the 
co-design concepts were intended to supplement existing home technology 
mechanisms for interaction. The Home Case Study reported that participants do not 
want existing methods of interaction removed (dedicated interaction with a specific 
device). The complexity of any actual physical interaction was designed and 
demanded to be simple by all participants. The nature of interaction portrayed in 
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Concept One is typical of existing technology products and prioritises a single, 
dedicated function with a display screen interface and buttons for the physical 
interaction. This typifies what was considered to by simple by the participants. Randall 
(2003) previously found smart home occupants to become very frustrated with tasks 
that could not be carried out in a simple and elegant manner. Interestingly and 
contrary to concept one, no mechanism to feedback information to the user was 
embodied in the control for Concept two. The reason behind this was the user not 
envisaging, the requirement to, or allowing, control of technology beyond that which 
impacts on the local or direct environment. Manipulated objects and resulting actions 
would not necessarily require feedback on the interaction device, as this information 
would be visible directly. It was assumed that the system would be intelligent enough 
to use any surface in the home capable of displaying a graphical user interface (GUI) 
when one is required for user-system interaction. The passive devices (concept three) 
displayed the ability to feedback information to the user when necessary, in the larger 
form through a display screen and in the smaller version a subtle alert to tasks or 
information. This concept embodied the desire to have minimal interaction with the 
home, yet the smart home system would be highly sophisticated. Rather than 
monitoring the people in the home as envisaged in some tele-healthcare systems, the 
system would monitor the home and technology within it and alert the occupant when 
necessary or according to predefined conditions. The interaction methods interpreted 
from concept four is most similar to models of existing human-system interaction. It 
could be likened to a tablet personal computer but only allows functionality for the 
system it is designed specifically. 
8.5.2 Co-designing to capture user requirements 
All of the participants that took part in the Co-design Workshop had first taken part in 
the Smart Home Workshops, and been a participant in Case Study Home, which 
included the Probe Study and Home Interview. These individual studies enabled the 
participants to communicate their smart home needs, requirements and unspoken 
desires by embodying them in their co-design concept model. These methods support 
Sanders and William's (2003) four stage framework to users' ideation and expression: 
(i) immersion (Smart Home Workshop and Home Case Study), (ii) activation of feelings 
and memories (Smart Home Workshop, Probe Study), (iii) dreaming (Probe Study and 
Home Interview), and (iv) bisociation and expression (Co-design Workshop). These 
methods enabled the participants to express their needs, despite the smart home being 
complex and an environment that none of the participants have experienced 
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themselves (it does not yet exist) or at least according to the more advanced vision in 
the smart home literature. The Co-design Workshop supported the researcher in 
translating the rich home interview data into a form that is more familiar to the smart 
home designer. This suggests that co-design should be explored further as a medium 
between real home research and design, perhaps as a mechanism to translate rich 
ethnographic data into a more tangible understanding of the user. The Co-design 
Workshop is considered to have been successful at fulfilling this task, due to the 
immersion of participants in the smart home, requiring continued involvement 
throughout the research. It is questionable whether these methods specifically are 
realistic for designing practice given time pressures (Porter and Porter, 1999). 
Previously, to analyse co-design data following a study that focused on doors, door 
handles and a multipurpose shelf, Demirbilek and Demirkan (2004) used a Usability, 
Safety, Attractiveness Participatory (USAP) design model matrix to record the features 
of door handle designers. In a similar fashion, Cain (2005) and Gyi et al. (2005b) 
conducted a count of product (food packaging) features to establish a ranked hierarchy 
of importance. The ranked hierarchy included features communicated in sketches, 
models and a verbal presentation. These methods of analysis were effective as the 
focus of the study was the physical design of the product (in this case food packaging). 
After consideration, this method of analysis for the Co-design Workshop was deemed 
to be inappropriate. Food packaging, doors and door handles are simple products with 
a specific function. On the contrary, the smart home is neither a simple product nor 
one that participants had previously experienced. In addition, neither the function nor 
the nature of user-system interaction was defined. Although the focus of the co-design 
was the design of the control, the research questions are not related to the physical 
design specifically but, in conjunction with the Home Case Study are related to the 
embodiment of participants' smart home needs and desires. For these reasons, a 
count of physical properties was not considered appropriate and was not carried out. 
8.5.3 Practicalities of capturing user requirements 
The Co-design Workshop was the final step in a three-stage approach towards a user- 
centred and comprehensive exploration of perceptions towards the smart home. Each 
of these methods captured perceptions towards the smart home; nevertheless, each 
method has particular qualities, benefits, and practical needs and challenges. The 
overriding purpose of the Smart Home Workshop was to capture high-level needs, 
requirements & perceptions of the smart home from a broad range of the population. 
Based on the Smart Home Workshop findings, the Home Study was a more focused 
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study, capturing rich information by utilising a `provocative probe study' to illicit 
participant's conscious consideration of home technology usage. Based on 
participant's conscious consideration of technology usage in the Home Study, 
participants were able to actively contribute to the design of their smart home 
technology in the Co-design Workshop. In conducting these studies, some practical 
issues were overcome that are now reflected on: 
To conduct participatory design for the smart home it was essential that the same 
participants took part in all three stages of research. Over this period of time, a 
relationship inevitably grew between the researcher and participants. This was 
important, for example, in the Home Study participants needed to have trust in the 
researcher to allow him to enter their home. Similarly, the researcher needed to trust 
that the participants would carryout tasks in his absence. Participants were always 
assured that there was no pressure to participate, that when needed it was not a 
problem to postpone or cancel participation. Nonetheless, the importance of 
participation was continually stressed to ensure that some participants would make 
time for all three studies. It was also occasionally necessary to discuss issues with the 
participants that were not directly related to the research focus. Additional time was 
allowed for this to iterate to participants that their time was considered valuable. For 
example, therefore, interviews were not booked `back-to-back' and the researcher did 
not appear eager to leave as soon as a study was complete. 
In an attempt to ensure that there was no participant bias, the researcher prompted 
participants in ways that would not lead the participant in the workshops and 
interviews. Participant bias is widely discussed in the literature but in practice it can be 
easy to overlook the importance of this and not consciously think before asking 
questions. This is of particular importance when using open questions and discussion 
in preference to structured and closed questioning. For example, a participant may 
make a statement that is of interest to the researcher but it is not detailed enough. In 
this case, it is very tempting to guess what is meant by the participant and propose this 
to the interviewee. However, this may lead to interviewees agreeing with you as an 
accurate or inaccurate reflection of their initial intent. It is better to repeat what an 
interviewee has said directly, as this will typically lead to an explanation and further, 
more specific information. 
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8.6 Conclusions 
The following conclusions regarding the challenges for the design of future home 
technology are supported by this research. 
1. The most important attributes of the smart home are the functionality, the locus 
of control for human-system interaction, and the nature of interaction. 
2. Co-design has previously been reported as being particularly good within the 
generative or early stage of the design process to discover unknown, 
undefined, and unanticipated user needs (Sanders and Dandavate, 1999; 
Sanders and William, 2003). In particular, Sanders and William (2003) reported 
that the method can be effective in accessing user's unspoken feelings and 
ideas that previously may not have been expressed. This research has shown 
that co-design is useful for accessing, capturing and embodying needs and 
desires, in even complex products, in conjunction with workshop, probe study 
and home interview. The co-design method enabled a wide range of 
participants, including those with limited use of one hand, to participate in 
design research. 
3. Individual differences highlight the complex requirements for the home. The 
challenge for designers is that a single smart home solution is not appropriate 
for the whole population, because people want and have different needs. 
4. Technology products are perceived as an important mechanism to help people 
cope with physical difficulties but at the same time, must not necessarily 
withdraw chores and home jobs from the occupant. 
5. The individual needs expressed for smart home technology not only reflect 
functional requirements but must satisfy an individual's locus of control and 
need to maintain autonomy and control of life. 
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Chapter 9: Designer interview study: exploring 
experiences of industry practice 
9.1 Introduction 
In the development of a product there are a number of methods, resources and 
guidelines available to design professionals to ensure that the user is considered 
throughout the design process. Nevertheless, the frustrations experienced by the end- 
user when interacting with home technology are evidence that current working 
practices are not efficacious. In addition, sources of user information and designer 
guidance in the growing area of smart home product development are limited. To 
explore the working practices and experiences of design professionals who contribute 
to the development of smart home technology, probing interviews were conducted. In 
addition to their experiences of direct user involvement, this study investigated what 
information is utilised within the design process that contributes to their understanding 
of end-users. 
9.2 Aims and objectives 
This thesis is concerned with the user perceptions and user requirements of the smart 
home, to support industry practice in the development of smart home technology 
products. The Designer Interview Study aimed: 
9 To understand design professionals needs, opinions and experiences of 
working practice, in relation to user information and user involvement in the 
design process. 
This objective was broken down into more specific objectives as follows: 
1. To identify the `design professionals10' involved in the design of the smart home. 
2. To explore design professionals' current working practices, with a particular 
focus on real user involvement. 
10 `Design professional' and 'designer' are used loosely to include all disciplines involved in the 
design and development of home technology, see section 9.3.3 for further details. 
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3. To explore the design professionals' perception of smart home technology and 
future working practice. 
4. To investigate how best to support design professionals in the development of 
products contributing towards the smart home. 
9.3 Research methodology 
9.3.1 Rationale 
A short, online survey targeting a large number of design professionals involved in the 
design process of smart home technology was planned to support the development of 
an interview questionnaire. Such a questionnaire would need a high rate of 
respondents, and would need to consist of simple, structured and non-threatening 
questions to enable efficient responses. Due to the complexity of design teams and 
projects however, in the early stages of the survey development it became apparent 
that it was not appropriate, as a number of open (rather than closed) questions would 
be needed. This would have lengthened the completion time of the questionnaire 
beyond what would be considered reasonable or realistic for design professionals to 
complete. 
It was decided that a systematic grounded theory (formulated by Glaser and Strauss, 
1967) approach would be more suited for the collection and analysis of the qualitative 
data required for this study. This would involve an exploratory, semi-structured 
interview study with open-ended questions to capture rich, in-depth experiences of 
design professionals involved in the design and development of home technology. 
Flexibility in the order of questions would enable a free flowing interview. In addition, 
discussion need not be restricted to the pre-defined interview question categories and 
questions could evolve throughout the research. 
9.3.2 Grounded theory 
The systematic grounded theory (Glaser and Strauss, 1967) approach to qualitative 
data collection and analysis was followed for this research study. Grounded theory is 
theory derived from data that is systematically gathered and analysed through a 
comparative method of data collection and analysis until theoretical saturation is 
reached, and by utilising theoretical sampling. However, when conducting grounded 
theory, Easterby-Smith (2004) iterates the importance of the researcher being familiar 
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with the variants of grounded theory and being able to explain the adherence to one 
view or the other. To satisfy this, there are two main approaches to grounded theory, 
after Barney Glaser and Anselm Strauss developed differing attitudes to the methods 
of data collection and analysis, i. e., Glaser (1992), Strauss and Corbin (1990). Glaser 
(1992) rebutted Strauss and Corbin's (1990) approach to grounded theory by criticising 
the emphasis on a proactive role of data analysis to generate conceptual categories 
(Locke, 1996). Interestingly however, as far as the foundational analytic procedures of 
constant comparisons and theoretical sampling Locke (1996) finds no difference 
between Glaser's (1992) and Strauss' (1990 and 1998) rewritings of the approach to 
the original (i. e., Glaser and Strauss, 1967) grounded theory. 
When conducting grounded theory it is emphasised by Glaser that the researcher will 
"enter the research setting with as few predetermined ideas as possible - especially 
logically deduced, a priori hypotheses" (Glaser, 1978). Conversely, the Straussian 
approach to grounded theory, although inductive in nature, acknowledges that the 
researcher will have preconceptions that are inevitable, and that is why the researcher 
is interested in the topic area (Easterby-Smith, 2004). Strauss and Corbin (1998) state 
that experience can be drawn upon for the purpose of sensitising analysis, and in 
addition, to identify significant problems and issues to enable recognition of alternative 
explanations and patterns of emergent themes. 
The investigation into the working practices of the design professionals (when neither 
the design professionals nor the smart home are defined) lends itself to a grounded 
theory approach to data collection and analysis. The researcher can make use of a 
flexible approach to data collection because the parallel analysis directs, informs, and 
drives the research questions and theoretical sampling. This will enable interview 
questions directed to design professionals to evolve throughout the research, informed 
by the preceding interview findings. One potential problem with grounded theory 
emphasised by Goulding (2005) is that of time pressure. The theoretical saturation of 
data and interpretation makes it difficult to anticipate an accurate time scale for the 
research. To counteract this, the researcher can sensitise the research analysis to 
direct research questions, inform analysis and identify potential problems (Strauss and 
Corbin, 1990). The Straussian approach (Strauss and Corbin, 1990 & 1998) to 
grounded theory was thus followed for this study. In addition, Locke (1996) 
emphasises the requirement for readers to have the ability to evaluate research based 
on a full methodological report, including, how theoretical categories emerge and the 
basis on which theoretical sampling proceeded. Despite the researcher's knowledge in 
this area (a consequence of literature and research in the area of smart homes), efforts 
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will be made to be, transparent in the usage of methods, objective and conceptual 
categories will not be forced out of the data. 
9.3.3 Sampling strategy 
A purposive and directed sampling strategy was followed to obtain views from a range 
of design professionals working in the area of smart home technology development. 
This sampling strategy is known as theoretical sampling and is a key principle of the 
grounded theory method (Glaser and Strauss, 1967). 
The Straussian approach to grounded theory assumes that experience will be drawn 
upon to sensitise research (Strauss and Corbin, 1990). In this case, the researcher will 
approach design professionals from a number of companies of differing sizes that 
contribute to the development of the smart home. The actual number of companies 
that will take part was not known before the study; interviews will be carried out until 
saturation of the data has been reached as described by Goulding (2002). The 
theoretical sampling strategy will facilitate the capture of a maximum range of ideas by 
interviewing a broad range of design professionals from different organisations and 
disciplines. Interviews will be carried out face-to-face when possible at the design 
professional's place of work; if this is not realistic telephone interviews will be 
conducted. 
The term `design professional' will be used very loosely; it was suspected that the 
design professional is a-typical from the stereotype design professional because of the 
nature of the product: the smart home. In addition, one of the research questions is 
who is the design professional? There are some prerequisites (inclusion criterion) for 
the research sample but the nature of the theoretical sampling strategy, allows these to 
be modified if data analysis directs it: 
1. Design professionals should be currently or have recently been personally involved 
within a project related to the development of smart home technology. 
2. Due to the multi-disciplinary and complex nature of the design process, design 
professionals working within a variety of organisations will be sought. This will 
include: human factors consultancies, technology research laboratories, consumer 
technology corporations, and telecommunication companies. 
3. Organisations of differing sizes will be included in the sample. These are: micro 
enterprises with fewer than ten employees; small enterprises with fewer than fifty 
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employees; medium enterprises with fewer than 250 employees and large 
enterprises with more than 250 employees (EU commission, 2003). 
4. Design professionals will satisfy any modified sampling strategy. 
9.3.4 Data collection 
Design of the interview 
To fulfil the focus of this study, specific areas of interest were chosen to structure the 
interview discussion. In accordance with theoretical sampling, the areas of interest 
evolved according to the findings of interviews (Glaser and Strauss, 1968; Strauss and 
Corbin, 1990,1998). Following the initial interview, the corpus of findings directed the 
strategy for the remaining sample. This ensured that insights could be followed-up. 
The areas of interest were: 
" Professional experience. 
" Current working practice. 
" User Centred Design within design professional's practice, 
o Users within the design process. 
o User information within the design process. 
" Perceptions of product development and working practice in the future. 
Publicly available information related to the design professionals' employers and the 
design professionals were gathered to prepare for the interviews and to satisfy the 
sampling criteria. In practice, this enabled a more informed interview discussion and 
helped create a more comfortable environment by helping to establish rapport. This is 
especially important in telephone interviews when visual cues are not present. 
It is argued that to carry out good qualitative research, the social context of the 
interview must be understood (Gordon, 1997). For example, in medical research when 
investigating the causes of depression, a person's environment may be a contributing 
factor, and understanding that environment would lead to better understanding of the 
medical condition (Chapple, 1999). On the contrary, research of very private medical 
matters may necessitate telephone interviews, because some people prefer to disclose 
such information over the telephone (Morton-Williams, 1993). The context was 
considered to be important for this study of design working practice but due to 
practicalities, telephone interviews will also be considered. 
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Pragmatic issues 
All participants completed a consent form before taking part in the interview and in 
some cases the researcher had to complete a Non-Disclosure Agreement (NDA) to 
ensure company confidentiality. Prior to a telephone interview the consent form was 
sent to the participants to be signed and returned to the researcher. 
1. Selection of participants 
A list of potential interviewees was drawn up and a strategy to contact them was 
developed. Initial contact via email or letter (Appendix 4-3) was sent to the 
participants with an information sheet to introduce the researcher's aim. 
2. Additional information and confirmation 
If additional information was required a phone call was arranged to answer any 
questions. All respondents to the initial email took part in the study. A date and 
time was set for the interview and a confirmation email sent out. An email reminder 
was sent a day prior to the interview. 
3. Interview 
60-90 minutes was proposed for the interview. Permission to keep contact details 
was requested in the event of any future research questions. Once the interview 
had been completed, the design professional was thanked for their time and given 
opportunity to ask any questions. Directly after the interview, notes were made 
about any points of interest to assist data analysis. On the day following the 
interview, a thank-you email was sent to the design professional. The interviews 
were recorded on to a mini-disk using a boundary microphone. A full transcription 
was completed promptly. University, ethical committee guidelines were followed to 
ensure participant anonymity and safe keeping of all data. 
Interview procedure 
An interview protocol was followed to remind the researcher of the conversation topics 
(Appendix 4-2). To begin with, the researcher introduced himself and his background 
and the design professional was then asked to do the same. This led to discussion 
about project activities, the project team, and project management. More in-depth 
questions were then asked related to a project's typical aim and final deliverable, i. e., 
are projects of a consultancy nature? When do interviewees have an input to the 
design process? What is the main outcome of a project? 
Without leading the interviewee into thinking that there was a correct or incorrect 
answer, conversation was directed to discussion about experiences of actual end-user 
involvement in the design process, the use of published information about the end- 
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user, and whether any preference existed for the form or type of user data. The format 
in which information about end-user requirements was shared within and between 
projects was also discussed. The use and frequency of primary user research and 
third party user information was discussed to further insight into utilised information. 
Data from the first interview acted as a pilot to ensure that the interview procedure 
fulfilled the research objectives. Rather than the order of presentation being identical 
for all interviews, the core areas of research interest acted as a guide to match the 
most natural sequence for discussion. This facilitated an informal manner of interview 
to ensure rich data collection, but all interviews covered the core areas. 
9.3.5 Data analysis 
The systematic, Straussian approach to grounded theory was followed in this study 
(Strauss and Corbin, 1990). A transcription of each interview was written and the 
researchers prior topic knowledge and experience were drawn upon for the purpose of 
sensitising analysis (Strauss and Corbin, 1998). Collection, analysis and theorising of 
data were an ongoing, inseparable process rather than a set of independent stages 
(Erlandson et al, 1993). Following a full transcription of the first interview, the interview 
categories (section 9.3.4) formed a starting point for a constant comparative method of 
analysis as described by Charmaz (1997). This procedure is illustrated in Figure 9-1, 
and is as follows: 
L Transcription 
nevv categurie> cnierecd in ýi ýý 
interview and all data ýv a, 
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Figure 9-1: Pictorial representation of the data analysis procedure. 
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(i) Interviews were examined, and (ii) studied for topics: the transcription was 
examined, with reference to the notes written directly after each interview. Interesting 
sentences, paragraphs or related text were highlighted as a topic. 
(iii) Analytic themes built from the topics: working through the transcription, the 
topics were collated making up a theme. 
(iv) Further analysis to refine themes: when a topic did not fit an existing theme a 
new theme was created and topics then attributed to it. As their number increased, 
topics within each theme were grouped to form sub-themes. Views attributed to these 
sub-themes were then collated. 
(v) Following interview analysis: once the first interview had been analysed, 
information was fed back into the data collection procedure to investigate emerging 
themes. The analysis process was repeated with the themes and sub-themes from the 
first interview used as a basis for subsequent data collection and analysis. 
(vi) Data saturation reached and data collection halted: when new themes ceased 
to emerge, data collection stopped. The final themes are a result of all interviews. 
9.4 Results and discussion 
In accordance with grounded theory (Strauss and Corbin, 1998) methodology, (i. e. the 
inseparable approach of data collection, theorising and analysis), the results are 
presented with a discussion of the relevant literature. 
9.4.1 Sample 
Twelve companies (including market leaders) took part in the study: six large; three 
medium; two small and one micro, as defined in section 9-3-3. A total of 18 full-time 
design professionals took part in the study comprising 14 interviews between 
November 2005 and April 2006. The long period is due to fitting around the designers' 
busy schedules. The composition of the interviews can be seen in Appendix 4-1. 
The author anticipated difficulty in identifying appropriate design professionals and was 
aware that it is notoriously tricky to persuade design professionals to take part in 
research due to pressure on their time (Gyi et al., 2000; Sims, 2003). To minimise this 
effect, a variety of approaches were followed to recruit participants, including: 
contacting authors of academic journals papers; reviewing public articles, and company 
`marketing' publications; approaching conference attendees; and colleague's contacts 
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within organisations were utilised. Frequently, the latter led to communication with a 
design team and an individual who would be happy to take part in the research. 
After thirteen interviews (17 participants) had been conducted in eleven companies it 
was evident that no new information was being yielded. An interview involving the 
final, twelfth company (participant 18) was carried out to confirm saturation of the data, 
as described by Goulding (2002). Details regarding the twelve companies that took 
part in the study are summarised in Appendix 4-1, names are not revealed to protect 
confidentiality. Where a Non-Disclosure Agreement (NDA) had been signed, details 
regarding specific projects were often discussed. If it was not possible to sign a NDA 
no confidential projects were discussed. 
Interviews with four of the companies were carried out over the telephone. Reasons 
for these were: the interview took place out of normal working hours, the design 
professional was located in California with obvious financial implications, and two of the 
design professionals worked in restricted areas of a building. One participant insisted 
that the conversation was not recorded due to a concern of breeching the company 
code of conduct. In this case the interview questions were viewed by the design 
professional prior to the interview and any conversation that would lead to an explicit 
description of the company design process was removed. To minimise the effect of not 
recoding the conversation, comprehensive notes were written during and after the 
interview to capture the discussion. Although this may break the flow of discussion it is 
not considered that this affected data in any significant way. The interviews for the 
remaining eight companies were face-to-face and carried out in England (n=10), 
Scotland (n=3), and Germany (n=1), at the design professional's place of work. On 
three occasions, the design professional postponed initial dates because of unforeseen 
work commitments. All participants requested a copy of the research findings, which 
the researcher found very encouraging. 
9.4.2 Themes 
The constant comparison method of analysis generated a number of themes that 
collectively provide an understanding of design professional's working practice. The 
final seven themes (Table 9-1) are inevitable directly related to one another. 
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Table 9-1: Emergent themes from the experiences of the designer interviews. 
Section Themes Description 
9.4.3 The smart home industry 
The different industries involved in the 
growing smart home industry 
4 4 9 Influences on working practices 
Working practices in the development of 
. . and UCD the smart home 
4.5 9 Involvement of the end-user 
The end-user's role within the smart home 
. technology development process 
9.4.6 Knowledge of the end-user User information within the design process 
9.4.7 Challenges to achieve UCD The ambiguity in user centred design 
9.4.8 Perceptions of the future home Perceptions of the future home 
9.4.9 Perceptions of future working How working practices are likely to change 
practice and the technology is thought to evolve 
9.4.3 The smart home industry 
Figure 9-2 depicts the companies involved in this research. Products were found to 
reach the consumer directly from the developing company (company category 1b or 
1c), from a company repackaging/branding these products (company category 1d) or 
from a reseller or service provider. Traditionally category 1b companies have 
developed products for specific technology industries, but the smart home bridges 
these industries. Despite one company being in a position to develop technology for 
1 a) Research 
Laboratories 
(within a 
company / 
research institute 
or University) 
developing new 
technology & 
product concepts 
(n=5; c2, c6, 
cl 0) 
1b) Companies 
develop 
particular 
smart products 
(n=4; c2, c5, 
c6, c8, c9, c10, 
cl1) 
1c) Companies 
develop the 
smart home as 
a single 
product 
(n=1; c9) 
le) Human factors & design consultancies (n=7; cl, c3, c7, c12) 
End 
user 
Consumer 
Figure 9-2: Categories of companies involved in smart home technology devel- 
opment, from research (left) through time to the end-user 
/ consumer (right). 
Representatives (n=18) of companies' la-le took part in this research. 
1d) Companies 
develop 
bespoke 
systems 
(n=2; c4) 
Y 
ca E 
0 
U) a) 0 
am 
0 L 
a 
T>I 
Resellers 
Installation 
Maintenance 
Consulting 
i 
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the whole smart home (company category 1 c), all other companies developed single 
smart products (company category 1 b), this finding would support the suggestion that 
the smart home will appear accidently (Edwards and Grinter, 2001). As reported in the 
literature, human factors and design consultancies (company category le) supported 
companies in all stages of this process. 
Table 9-2 describes the interviewees from the companies depicted in Figure 9-2 from 
company category 1a to 1 e. The employers of the participants in this study can be 
differentiated by the focus working environment with respect to the smart home 
industry. The reference number corresponds to the company that they worked within, 
for example, [DP1 Ob] was the second interviewee of company 10. This abbreviation 
will be used to refer to the participants in the text. Additional details can be seen in 
Appendix 4-1. 
Table 9-2: Descriptions of both the employers and interviewees ([DPs]) that took part 
in this research with reference to Figure 9-2 (la-le). 
Interviewees working Interviewee (DP) reference 
environment number & background 
Working environment focus 
1a) Research laboratories 
_ --- 
Ergonomist /-human factors 
-------------- 
Developed new technology & product concepts 
6 Experimental psychologist following either: (i) developing new intellectual 
10a Sociologist property rights (IPR), new technology development, 
-------------------------------- (ii) new technology developments to supplement 10b Industrial designer 
-- 
existing products, and (iii) to discover new technology 
--------------------------------- 10c Electronic engineer applications by investigating home behaviour. 
1b) Companies developing 5 Software developer Developed own brand products for a specific home 
dedicated 'smart' technology application field. Companies spanned the 
products home technology spectrum, i. e. home security, whole 
lighting, telecommunications, entertainment (digital 
- 
cameras, televisions, DVD players), white goods, 
personal computers, home healthcare, and heating, 
---------------- 
er ventilation and air-conditioning s ystems 
(HVAC). 
1c) Companies developing In addition to developing 'dedicated products', this 
the smart home as a ent company developed a complete'smart home system', 
product as a single product. 
1d) Company offer a 4a Computer scientist 'Repackage' branded products (dedicated smart 
customised smart ---------------------------------- products) in a 'best of breed system' 
individually 
home system 4b Project management customised and installed for the high-end market. 
1e) Consultancies (human 
_1a 
Product design 
___ 
Companies were employed to supplement a 
factors and design) 1b Product design companies existing skill base for a specific element of 
- ----ý 3 Ergonomist / human factors 
the design process, but worked within all areas of the 
design evolution and process. 
7a Industrial designer 
------------------------ ---------- - Industrial designer 7b 
------------------------- -- ------- - 7c Psychologist 
12 Ergonomist / human factors 
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9.4.4 Influences on working practice and user centred design 
All of the interviewees [DP]s' perceived their working practices to be a part of a User 
Centred Design (UCD) process and, in accordance with ES ISO 13407, worked in a 
multi-disciplinary design team. When asked about current working practice, the 
discussion led to the description of specific methods and tools used for capturing and 
utilising end-user information within the UCD process. Differing interpretations of UCD 
were discussed with many different working practices implemented by the [DPs]. 
Although, it is generally accepted that there is no set best practice design process but 
four or five general commonalities that exist across design processes (Design Council, 
2007). Models of UCD are equally varied: the active involvement of users and clear 
understanding of user task requirements is explicit in EN ISO 13407 but in the 
frequently referenced Gould and Lewis (1985) it is only expressed that early and 
continued focus on users is required. The only reliably consistent attribute reported in 
the Experience of the Design interviews (in addition to a beginning and end) was the 
ambiguous use of `end-user information'. This ambiguity was borne out of the non- 
specific description and array of sources and methods (to gain user information) 
utilised within projects. 
Three determining and influencing factors of the designers' working practice emerged. 
In order of significance, working practice reflected: first and most importantly, the 
evolutionary state of the product that was being developed; second, the technology 
push or user pull focus of a project; and third, the legacy of the existing technology 
industry hitherto. These will now be discussed. 
Evolutionary product state 
It was clear from this interview study that the particular methods / tools used by a 
company mainly depended on the evolutionary state of the product being developed. It 
was reported by Margolin (1997) that the majority of design work is the redesign of 
existing products and few novel products are designed. Redesign of existing products 
was one of three evolutionary states of product development established in the 
interviews, summarised by the author of this thesis as: (i) Origin: the development of a 
completely new theory, product concept, or technology, (ii) Maturation: the 
development of a new product based on a product concept idea, or (iii) Re-birth: the 
redesign of an existing product. Although, there was some consistency between the 
three evolutionary states in the use of methods, the purpose was different. 
Consistency was found in methods within the three states however. Rather than a 
focus on redesigning products as reported by Margolin (1997), it is proposed that the 
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emphasis on new technology concepts and research is a result of the emphasis on 
developing new interaction paradigms and augmenting behaviour that is iterated in the 
smart home research. 
The three evolutionary states (displayed in Table 9-3) were themselves differentiated 
by three attributes of a particular design project: the goal of the project, involvement of 
the end-user, and knowledge of the end-user, and varied in relation to such. As one 
would expect, product development within each of the three states incorporated 
different stages of product design (for example, product specification, concept 
development, and detailed design), and activities within these (for example, usability 
evaluation). Due to the lack of consistency and the plethora of possibilities, Table 9-3 
shows neither the stages nor activities. 
Table 9-3: The three evolutionary states and differentiating attributes of technology 
product development (origin, maturation, and rebirth). 
Evolutionary state of 
product 
Attribute of an evolutionary state of a product 
Goal of the project 
Involvement of Knowledge of the end-user the end-user 
1 a) Origin To create technology 
New technology to gain IPR / patents 
------------------------ and / or 
development 
concept NCD To understand how / if 
technology can 
augment the world 
lb) Maturation 
New product 
development 
based on an 
existing concept 
Researching 
human behaviour 
in context (in situ) 
None: no existing user knowledge 
available that is specific to the 
project (there is no product or 
concept), knowledge is either 
made personally or human 
behaviour is studied 
To develop a new 
product for market 
based on the result of 
(1 a) 
Researching 
behaviour with 
product concepts 
(in a laboratory 
and / or in situ) 
The existing user knowledge varies 
depending on the sophistication of 
the concept 
User knowledge is either assumed 
or based on research. 
-------------------- NPD -------------------------------------------------------------------------------- 
1c) Rebirth To improve / re- Researching A large amount of user information 
Re-design of an 
launch an existing behaviour with the could be available, dependent on 
existing product 
matured product (1 b) existing product the reason for the re-design 
User knowledge is based on 
existing usage & market research 
However, there is a distinction between the [DPs] who work on the Maturation and 
Rebirth of a product, and those working on the Origin of a product. The five [DPs] 
practicing within a research environment [DP2], [DP6], [DP10a], [DP10b], [DPs10c]) 
work at the Origin of new products and technology and described working at a much 
deeper level of understanding of human behaviour than the other [DPs]. Previously, 
Koen et al. (2002) made the distinction between new concept development (NCD) and 
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new product development (NPD). Their two product development models fit the gross 
distinction found in the interviews. In addition, methods for the two evolutionary states 
Maturation and Rebirth were similar. The working practices of the [DPs] will now be 
described under two headings representing the gross distinction between those 
working at the Origin and those working at the Maturation and Rebirth of consumer 
products. The terms NCD and NPD will be used to discuss the working practices. 
New Concept Development (Origin of products) 
The primary focus of the five [DPs] based in a research laboratory was not reported to 
be product design per se: 
"(We are) actually looking at what are the fundamental questions about 
human behaviour that might steer the research and the development that 
comes later" (Experimental Psychologist, [DP6]). 
At this point in the evolution of a product it was emphasised that there were little or no 
assumptions of end-user behaviour in relation to any product as no product concept 
was in mind. The focus for the research may in fact be quite abstract. For example 
[DP10a] was focusing on `the ecology of surfaces' with an aim to augment the uses of 
surfaces in the home. The purpose for the research was to theorise about human 
behaviours, to create an understanding of behaviour in the home, in order to identify 
activities that technology can augment. Despite working in a research environment, 
there was pressure to develop the theory, ideas and understanding of human 
behaviour into a usable form for a product team to utilise. All of the research teams 
reported that developing product concepts was very much part of the research. 
The development of product concepts reported in the interviews all depended on the 
skills of the multidisciplinary team. The multi-disciplinary teams reported in the 
interviews always consisted of social scientists, engineers and stereotypical (industrial) 
designers, for example, a sociologist ([DP1 Oa]), an industrial designer ([DP1Ob]), and 
an electronic engineer ([DP1 Oc]). Previous literature (e. g. Sanders, 2002) reports this 
growth of social scientists in design. 
The interviews generally reported that teams developed ideas iteratively. Typically, 
following ethnographic studies (observations and interviews) with people in real homes, 
[DP10] developed prototypes or `technology probes' and placed them into real homes 
for further contextual investigation. The information gained in these studies was not 
considered appropriate for design, without first `translating' the information for the 
design team: 
223 
"What actually comes out of the ethnography studies isn't useful" 
(Experimental psychologist, [DP6] and Sociologist, [DP10]). 
One method to take this information and place it into a usable format was described. 
"I don't think it is a, `pass (it) on, here is what I have done, have a look go 
away come back and show me. ' It's a constant process of discussion 
and iteration... I am not into the formula or judgement approach it doesn't 
work" (Sociologist, [DP10]). 
To pass on the knowledge gained in these studies, discussions about findings were 
shared with the team through videos and impromptu focus group sessions. Within 
these sessions, ideas for prototypes and technology probes were developed and built 
upon. These activities were also reported by the other research [DPs] and were 
consistently referred to as the most successful and appropriate to ensure that any 
information captured about the end-user was utilised throughout the design process. 
That is, when the design team can frequently dip in and out of the original research 
findings, and talk to the individual that collected the original information. 
[DP10b], an industrial designer, stated that within a research focused working 
environment, the multi-disciplinary team must be able to build upon ideas and come up 
with new ones quickly. He emphasised the difference between this and the later 
stages of design, where the designer must take an idea and narrow it down to 
construct the detail. He reported that graphic designers and industrial designers are 
not used to basing design on ethnographic data. This difficulty of interpretation has 
resulted in ethnographic research in the home being reported in the literature as not 
being the panacea to the "wicked problem" of technology design for the home 
(Crabtree and Rodden, 2004). Taylor (2007) commented that it has provided detailed 
analysis and orientating principles but has not articulated how technology should be 
developed in practice. 
[DP1Ob] continued to explain that the detail he required to develop product concepts in 
a research environment was captured through prototypes or `technology probes' left in 
people's homes over a period of time. Interviews and observations were then held with 
the participants to: build on the developing human behavioural theory, learn about the 
interaction between the technology probe/prototype and the home occupants, and 
understand the impact that the technology probe/prototype would have on the 
occupant's life. The process by which the prototypes or technology probes were 
developed was described as `instant iterations'. The `instant iteration' at such an early 
almost abstract level of product development was specific to the Origin of products in 
the research environment. Prototypes were developed very quickly and tested with 
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real users inside real homes, which was important to enable a quick progression in 
developing a desired product. The prototypes captured information about the product 
and the human behaviour under study. The instant iteration is described as 
contributing to the designer professionals' idea generation and creativity: 
"The more you can get that iteration as instant as possible, rather than 
the long sort of cycles, the more progress you can make and the more 
ideas that you don't follow because you are making decisions about what 
you should follow all of the time" (Experimental Psychologist, [DP6]). 
Iteration in design is explicit in most design process models and a key element in UCD 
models, for example EN ISO 13407 and Gould and Lewis (1985). It is then perhaps no 
surprise that the interviews found consensus between the [DPs], for the importance of 
`instant iterations', when working with findings of ethnographic research. 
Pertinent to enabling `instant iteration' was the availability of and access to team 
members and the inclusion of the [DPs] that had carried out the original ethnographic 
research. With specific reference to the development of the smart home, [DP6] 
discussed the importance of understanding the space, context and fundamental home 
behaviours: 
"The living room is part of your life, it is a place you pass through and 
spend some of your life in, it is a place that has connections to other 
people in your family and so you have to think about it as `a holistic' and 
not `the living room'. And many times I have been to presentations and 
heard people say, "we are doing this presentation on the living room. " 
What they mean is, "we are working on boxes that we are going to put in 
the living room, " and it is closer to interaction design than it is to 
designing the fundamentals of the technology contribution. It is more 
about, "how do I interact with this box in this living room? " Than, "how do 
I augment someone's life with something that happens to be in the living 
room? " (Experimental Psychologist, [DP6]). 
The quote stresses that to develop technology that can potentially augment the existing 
home environment, as anticipated by the smart home, the researchers involved must 
move away from a focus on human-interaction with a specific technology or `boxes'. 
The two types of contribution to product development were strictly differentiated with 
the research first seeking to understand the space and home as a context for 
technology. 
The Design Council (2007) reported that there is a correlation between business 
success and the presence of a formalised design process. Nonetheless, no formally 
structured or explicit method of working was reported in the interviews, by the [DPs] 
working at the Origin stage of product evolution. However, similar activities were 
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described by [DPs] between companies, under different terms, suggesting that there 
was a comparable structure to design. Koen et al., (2002) developed the NCD model 
to illustrate a structure to the 'fuzzy front end' of design to enable comparisons between 
design practices. Previously, it had been impossible to compare stages of product 
development, due to a lack of common terms and definitions; this was apparent in the 
interviews with designers but it was shown that there are consistent approaches to 
practice. 
New Product Development (Maturation and Rebirth of products) 
By its very nature, a new product development project has a direction based on user 
insights that have been formed in to a product concept or an idea from existing 
products. User information is therefore at a more detailed level than the understanding 
of human behaviour described by the [DPs] working in a research environment. [DPs] 
at the Maturation and Rebirth of products who have a more disciplined and goal- 
oriented project plan (Koen et at., 2002) did not feel that investigating human 
behaviour, without any preconception for the direction of a product, was a realistic way 
to capture user requirements within a project. The skill of taking the information 
captured when there is not a specific product direction (the product Origin) and passing 
it to [DPs] in a usable format was described as, "a black art. " It was thought to be 
realistic that a product concept existed, giving the design team a context, direction and 
focus to structure a project: 
"We always work on the premise that you do actually need to understand 
the technology and it's capabilities before you can make sensible 
predictions of what the users wants to do with if' (Human Factors 
Consultant, [DP12]). 
This statement can be inferred in two ways. First, in the case of product Rebirth, you 
must have a technology before you can develop user requirements, or, in the case of 
product Maturation, you must have an idea about the technology direction before you 
can obtain detailed user requirements. Secondly, if the technology does not exist there 
is a necessity for at least the focus of the technology product to be known before 
further knowledge of human-system interaction can be gained. In both cases, this 
begs the question of where this formative knowledge underlying the project focus is 
gained. It also suggests that the approach to the technology development is both user 
and technology focused, rather than wholly user centred. It was clear however, that 
the majority of projects that the design and human factors consultancies worked within 
(for company categories 1b and 1 c), build upon existing knowledge of user-system 
interaction. That is, the product already exists or at least the focus for the product is 
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known, supporting the assumption that most designers work in the redesign of products 
(Margolin, 1997). 
This detailed level of knowledge about end-user behaviour was typical of [DPs] working 
within companies developing their own products (company category 1b and 1 c). At the 
beginning of these projects, there was at least some conception of the desired end- 
user behaviour associated with a product, and from that basis the project was refined 
and detailed. One of the human factors consultants interviewed ([DP12]) described his 
experience of a recent smart home project however: 
"So the human factors issues that emerged were very different to what 
we predicted at the onset, there was stuff about the consumers coping 
with the complexity of having all of these new technology shoved into 
their homes, how does that information get on to that device, what 
happens when it talks to this device, and support and training, those sort 
of issues really. And just the sort of retro fitting of equipment into old 
homes rather than purpose built smart homes. They were all issues that 
were very key for the consumer. They weren't traditional user 
requirements issues" (Human Factors Researcher, [DP12]). 
The findings of the study described above, were neither expected nor `traditional 
issues' rather, larger system level issues in relation to the user coping with new 
technology and what technology and services would need to be in place to satisfy the 
end-user. These findings are closer to those described by the [DPs] working in a 
research environment and stress the complexity of the smart home and the importance 
of research capturing the impact of technology on home behaviour. 
It could be postulated that frequent reflection on captured user requirements, could 
replace actual user involvement within the design process. An industrial designer 
([DPI 1]) discussed the recent change from outsourcing `user research' and reflecting 
on user requirements captured by human factors and design consultancies, to 
maintaining it internally by employing human factors professionals. It was suggested 
that this had changed the design process to be more collaborative: 
"lt is all in house and all together, so it is a lot more immediate, plus the 
people that are communicating that information are here all of the time so 
we are able to dip back in and develop that initial story as well as the 
product story" (Industrial Designer, [DP11 ]). 
The benefits associated with this are being able to `dip back in' to the user research 
alongside the individuals that are most familiar with it, and ensure that the project team 
and product maintains the original user focus. 
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This description and its success are very similar to the `instant iteration' activity, 
frequently reflecting on user research, described by the [DPs] based in research. This 
suggests that frequent and quick references back to user information is necessary to 
clarify the understanding of user behaviour research, to maintain correct interpretation 
and to ensure that a product will be ground in original data. One could postulate that 
the most effective method to take advantage of user requirements is achieved: when 
the user research is incorporated into the project planning, when it is carried out 
appropriately; and when it is reflected upon iteratively within and alongside the project 
team, and with the researchers available that collected the original user information. 
The design manager in [DP8] however, described the research and development of 
concepts being carried out alongside the user requirements capture process and 
throughout the design process, rather than as a separate activity. This was all carried 
out in-house to enable the most efficient development of products and to ensure that 
information captured about the user-system interaction would not be lost. The principal 
designer [DP5] also stated that `user research' was carried out frequently and 
throughout the product development process. In this case however, the user was not 
the end-user but their customer, the installer of the product in question. 
Project Pressure: technology push and user pull 
Since the 1960s, technology development and innovation has been the main driver for 
new computing technology (Van den Ende and Dolfsma, 2005). The development of 
IPR gave a company an advantage over other companies or gained revenue by selling 
the rights to use a specific innovation. It was clear that the working practices of the 
[DPs] are a result of companies trying to become more customer or people focused. It 
was suggested that companies are turning from being technology focused to being 
consumer, people or marketing focused and portraying an understanding of the 
consumer. Increasing user-system complexity experienced by the end-user with many 
products has been attributed (along with other reasons) to the speed of technology 
development in the literature, described as `technology push' (Buurman, 1997; Mundorf 
and Westin, 1996; Norman, 1999). In this interview study, there were mixed views 
about the appropriateness of describing projects within a `technology push'/'user 
push' dichotomy however. 
The five interviewees [DPs] ([DP2], [DP6], [DP1 Oa], [DP1 Ob], [DP1 Oc]) who work in a 
research environment stressed that they work in a user orientated environment. 
Despite this, the human factors researcher ([DP2]) suggested that the view that `the 
technology push of companies was responsible for difficulties people have with 
228 
technology' was partly a result of the pressure for the development of intellectual 
property rights (IPR) and patents. This was supported by all of the [DPs] working in 
research and is seemingly contrary to their working practice that focuses on theorising 
about human behaviour. The ubicomp vision of the future suggests that people will not 
realise that technology is present because of its ubiquitous and pervasive presence 
(Weiser, 1991). If the researchers are seeking to augment the existing home 
environment they are assuming that it can be augmented with the addition of 
technology. Fundamentally, this begs the question of whether or not what the 
researchers describe is a user oriented design process. 
When asked about the technology push vs. user pull dichotomy, [DPs] from the 
research environment all considered new product development to be a result of 
research that was carried out hand in hand with the end-user and the technology as the 
focus for investigation. 
"What you have is everybody chipping in. There isn't a process that 
says, here it is, you have the social scientists identify the values and then 
you figure out what technology is required to satisfy those values and 
then you create something and then you look at the interaction design to 
make sure the interaction with the user works. It is not like that 
it's 
... there is that general underlying process but (it) is more of a parallel 
set of ideas being thrown into a mixture" (Experimental Psychologist, 
[DP6]). 
In this quote a process is described, which when written down may appear stringent 
but in reality is fluid, iterative and adaptable. The primary aim of the company's 
projects is to identify human values or behaviours that may be augmented with 
technology, to create completely new products. However, such a project is not then 
passed on for another team to develop. The user research findings are shared with 
team members, who have a greater technical background, and in cooperation concepts 
are developed and technology prototypes built. Following this and in more research 
studies, richer knowledge is gained about the human behaviour and team members will 
iteratively develop concepts and prototypes in a concurrent manner. To corroborate 
this and in addition to the concurrent working practice between sociologists, graphic 
designers and electronic engineers described above, a sociologist [DP1 Oa] stated: 
"lt is troubling to conceive of things being driven by technology or being 
driven by social science or whatever. (I) can't actually think of a useful 
division to be made because, if anything, you have influences from 
both 
... 
it's a constant process of discussion and iteration" (Sociologist, 
[DP10a]). 
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However, the sociologist drew attention to the caveat of assuming that a user 
orientation at such an early stage of research has none of the problems associated 
with a solely technology push focus to product development: 
"Social sciences do this (approach), but it is not (as simple as), "it's 
benefits far out weigh the problems, " of course... we are constantly 
making judgements about things" (Sociologist, [DP1 Oa]). 
In contrast to this, [DP3] and [DP12] working within human factors consultancies 
explicitly expressed a frustration when working for product developers. This is founded 
on the technology push within product development in conjunction with apparent 
ignorance for any consideration of end-user needs and requirements: 
"It tends to be technology push where (a client may say), "we are looking 
to develop this, how do you think people might use it? " And the fact that 
we might think that people don't want it at all isn't necessarily in their 
thinking" (Human Factors Consultant, [DPI 2]). 
The findings in this research do not propose that there would have been an absence of 
consideration for the user within these projects prior to consultation with the human 
factors consultancy. Interviews with the six companies that develop their own products 
all revealed that there is always an element of both user and technology consideration 
in the design process. The human factors consultants perhaps only experience 
projects when problems exist. 
[DP8], a design manager, whose company publicly follows a UCD process and claims 
to incorporate real users throughout the design process, commented that education in 
UCD is given to all staff across the company. 
"Managers also get educated in this domain and this is not unidirectional" 
(Design Manager, [DP8]). 
In addition, research and development was integrated with the rest of the company and 
not perceived as a separate entity. In contrast to this, interviewees from companies 2, 
6, and 10 reported that they had distinctly separate divisions (and physical locations) 
for research and the remainder of the company. 
Although it is a useful description to illustrate extreme professional working practice, 
the technology / user push dichotomy was disputed by some of the [DPs] in the 
interviews, suggesting that it was too simplistic. Other pressures (time, cost and skill) 
also reportedly had an effect on the choice of design practice. The findings suggest 
that companies want to appear to be user focused but underlying project pressures 
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remain, including the need to create intellectual property that will continually drive 
technology development. 
Legacy of the existing technology industry 
All of the [DPs] thought that one major challenge for the smart home market was 
unifying (if it is possible) the fundamentally different industries and market segments 
involved to create a new `smart home industry'. A human factors researcher who had 
recently moved from the white goods industry to the telecommunications industry 
described the frustration and difficulties involved. 
In the telecommunications industry, "cost is important but innovation and 
the ability to have a unique selling point, something exciting for the 
market is more important. But when you are talking about things like 
fridges and the white box market. . . it's a commodity product and when 
you are coming to doing new design top of the list is, `this product must 
be ten percent cheaper to manufacture than the old product' and that 
over rides everything" (Human Factors Researcher, [DP2]). 
All [DPs] suggest that in the telecommunications market there was a necessity to 
frequently release new products. Conversely, there was reported to be a much greater 
difficulty in the white goods market to release new products. This was related to the 
gross difference reported between these markets, mainly due to the life expectancy of 
the products, i. e. between ten and fifteen years for a fridge, but between two and five 
years for a computing device. Life expectancy of the products was related to the 
development of new technology; however investment into new technology for the white 
goods market was reported to be low in comparison. 
A view supported by the current trend of smart home products (section 2.2.3), was 
reflected when a project manager [DP1] pointed out that the smart home currently 
appeals specifically to the 'tech-head blokes' (referred to by Norman (1998) as early 
adopters). Whereas, a software developer who worked within the security systems 
market ([DP5]) described mobile telephones as a toy when comparing the more critical 
stressors that are caused when either system malfunctions: 
"If it (the mobile telephone) doesn't work or if the software crashes or 
anything (else), that wouldn't do any harm to anybody, would it? Other 
than (be an) inconvenience. Whilst these products are security systems 
and if they don't operate properly that would lead to a lot of stress to the 
users and a police call out, (and) disturbance to the neighbours. So the 
consequences would be a lot more severe" (Software Developer, [DP5]). 
The security system industry is obviously different than those traditionally associated 
with durable home goods (time using and time saving goods: Bowden and Offer, 1994). 
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The smart home therefore is bringing together many industries which traditionally are 
distinct. Products within these industries have different life expectancies and 
traditionally different roles in the home and hitherto, the [DPs] described these 
industries influencing professional practice. 
9.4.5 Involvement of the end-user 
One attribute of the three evolutionary states of a product in Table 9-3 was actual end- 
user involvement in a project. Despite all [DPs] suggesting that their practice is user 
orientated, end-user involvement did not always mean real end-users. The source of 
end-user information varied dramatically and included the marketing department; 
project members, system installers, and expert end-users; existing products; and 
mismatching user requirements. 
Marketing department 
Regarding the source of end-user requirements, seven interviewees [DPs] ([DP1 a], 
([DP1 b], [DP2], [DP3], [DP6], [DP11 ], and [DP12]) discussed their experiences of 
specific user requirements being sourced from a marketing team. This was also found 
by Johnson and Johnson (1989). In actual fact, Cooper et al. (2000) still see user- 
involvement as being in the realms of professionals working in marketing. These 
findings were further qualified in this study. A human factors researcher [DP2], who 
has worked in both the white goods and the telecommunications market, described the 
huge differences between markets in terms of the source of user requirements for 
projects. When working in the design of white goods the requirements would emerge 
from the marketing teams, as products were already well established and projects were 
mainly the Re-birth of existing products. Whereas in `blue skies' projects, typical of the 
[DPs] working in research, product development was driven by user needs and 
requirements reportedly captured directly from users through observations and 
interviews or through technology innovation. A lack of direct end-user involvement 
once a product was mature, was corroborated by a human factors consultant ([DP12]) 
who reportedly became surplus to requirements once a product was established in the 
market place, even in the telecommunications market: 
"It's on the shelves as `product name' and things like that you can almost 
100% certain that we won't get anymore work. Because once it becomes 
something that a company can send it's market researchers out and look 
at other peoples' products, and say it needs `product name' has got 22 
features, they are these, and people use these ones. `Competitor name' 
interface looks like this, then they will go away and design" (Human 
Factors Consultant, [DP12]). 
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Interestingly, [DP1 a], a mechanical design engineer, believed that end-user 
requirements captured by human factors professionals delivered the same information 
as a marketing team. Although this was the case in product design traditionally 
(Cooper, 2000), UCD emphasises user interaction with the design professional first- 
hand. The human factors researcher described a project for which the marketing team 
provided all user requirements however: 
"The problem was that it (a project proposal) had been scoped out by 
marketing people. You got a lot of personal views of what the project 
should be, rather than through research, so a lot of the requirements 
were very woolly" (Human Factors Researcher, [DP2]). 
The use of marketing teams was also shown in a different context. The design 
professional working for an Asian based company ([DP11 ]) stated that user 
requirements for products were captured through Asian market analysis and 
supplemented by desires from individual's senior in the company. Project scopes are 
then assessed for a European and British market. The user requirements in this case 
were based on a comparison with competitor products leaving product development 
open to incorporating redundant requirements. A team of human factors professionals 
were then brought in to evaluate and filter the end-user requirements depending on 
their appropriateness. 
Project member, system installer and expert end-users 
Previously reported by Johnson and Johnson (1989), [DPs] from the two human factors 
consultancies ([DP3] and [DP12]) described projects in which their clients (prior to their 
involvement) had themselves posed as the end-user to capture product needs and 
requirements. This quote, taken from a description of a product development process 
by [DP1 b], embodies the reasons that the human factors consultants experienced 
design professionals acting as the user: 
"At the end of the day, it is a consumer product and ultimately we are a 
consumer, outside work we are consumers. We need to understand how 
it is going to work. And what we perceive to be a disadvantage is what 
generally is perceived to be a disadvantage by the mass consumer 
market" (Industrial Design Engineer, Company 1). 
It is crucial for a design professional to understand the usage of a product and 
empathic design methods (as described in the literature) are one way for them to gain 
knowledge about the user experience. It is documented in the literature 
however, that 
it is crucial for real end-users to interact with a product because a 
design professional 
is not a typical end-user. [DP7b] recognised a problem with 
his team's working 
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practice and pointed out the presumptions and potential flaws that they make, due to 
the compromises needed to satisfy project deadlines: 
"You kind of crack on with the design or the technical thing and you think that is kind of all sorted, when actually there is probably a lot of avenues 
that are not properly explored or maybe you haven't tested some of the 
theories that you presumed" (Industrial Designer, [DP7]). 
Having admitted that actual end-users were not incorporated in the design process, he 
then criticised his clients for pushing personal preferences on a design: 
"lt drives you nuts sometimes, they (the client) are not taking that step 
back and putting themselves in to the place of the user but they don't 
care because they are the client" (Psychologist, [DP7]). 
In reality, ironically both the client and the design professional could be criticised for 
pushing personal preferences and opinions on to the design. This design consultancy 
described compromising on what they believe is the best design to get the job done 
and satisfy the client: 
"Sometimes they (the client) take the view: we know who our customers 
(end-user) are and how they are going to react to what ever is produced 
so we are the best judge of whatever it is you are going to produce and 
that cuts out that bit of the process (including end-users)" (Industrial 
Designer, [DP7]). 
The five interviewees (DP1 a, DP1 b, DP7a, DP7b, and DP7c), from companies 1 and 7, 
mentioned or discussed projects for which the real-users would be replaced by project 
team members or that user needs and requirements were 'made-up'. Time and money 
constraints were attributed as the reasons for their conscious bad practice. These 
constraints have been reported previously as affecting designers' decision to include 
users in design (Reich et al., 1996). It was expressed that ideally real end-users would 
be used within a project: 
"lt does depend to a large degree on things like the scope of the project, 
whether it is a small project or a large project. Like you say, fixed budget 
and all of these kind of things because if it is a very quick turn around 
project with a kind of small budget. So there is not that much kind of 
leeway to kind of do what we think would be best" (Industrial Designer, 
[DP7]). 
As consultants, the projects carried out by these interviewees were typically short-term, 
high-pressure, and quick-turn around contracts. The deliverable was based on a 
specific cost that a client would want as low as possible. It was described that the 
consultancy would also need to bid competitively to win a contract and therefore bid 
low. Within this type of project, it is often perceived that first-hand user research is 
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inefficient in terms of cost and time, therefore never considered to be included in the 
project scope. It follows then that both of the interviewees reported that user research 
is only carried out for projects that are considered large, where the 'extra' costs of user 
research, which takes valuable time, is than a small percentage of the total project 
cost. 
End-user requirements capture is also carried out in brainstorms with project members 
empathising with the end-user. One design professional ([DP9]) described a process 
of brainstorming across the company for ideas about products and then `confronting' 
the resulting use cases with a representative sample of the target end-user population: 
"And for that stage we went to primary research with end-users. So first 
of all we brainstormed internally, with a huge number of people to write 
down unlimited (use cases for) what you could imagine a smart home 
should do for you... So that is how we first of all brainstormed on possible 
use cases, and then we went with a research company to do quantitative 
research. We went with a huge list of use cases to more than 4000 
users in Europe and we did, basically, interviews, and questionnaires 
face-to-face" (Corporate Project Manager - Smart Home, [DP9]). 
The design professional ([DP5]) who develops security systems for the home stated 
that designs are heavily influenced by the legal requirements in place for safety 
reasons. For example, ACPO (Association of Chief Police Officers) requirements, if 
security systems are installed for an automatic police response, they can no longer 
have number pads for the disarm or arm function. The amount of strict safety 
legislation that companies will have to adhere to for smart home systems will increase 
with the integration of a number of systems. This level of adherence is not typical of 
the current consumer technology market. 
In addition to an increase in legal requirements, the same design professional ([DP5]) 
considered the end-user to be the system installer ([DP5]'s customer) rather than the 
consumer. In this case the product is sold by the system installer to the consumer. 
One reason attributed to not using the consumer directly was the fear of upsetting the 
third party companies, the installers who are their customer. In addition, they believed 
that they would gain richer information because it is the installer that meets many 
different end-users. 
"We would gather more wide information if we go through them rather 
than direct, and also that if we go direct, they (the installer) may feel that 
they are a little bit left out, as they deal with the end users. . And they are 
our customers, it is a sensitive issue so that was the view that we have 
taken" (Principal Engineer, [DP5]). 
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The installers were then viewed as consumer experts by [DP5]. Although [DP5] gave 
the only examples of a service installer being consulted as the end-user expert and 
legal bodies being consulted, this model has implications for the smart home. There is 
a strong likelihood that any advanced system will require third party installation rather 
being sold directly to the consumer. 
Existing products provide the user data 
When there were time or cost constraints in the re-design of a product, end-user 
information was reported to be provided as a legacy of previous projects and was to be 
used as a basis for the new product. Three Interviewees ([DP3], [DP5] and [DP11]) 
stated that a new product may be based on the legacy of previous models. 
"A lot of the requirements before you start to understand user 
requirements are based on things such as (keeping) cost down, or 
streamlining of the platform or aesthetic face lifts so the general 
requirements for the performance that the products will have to do in a lot 
of cases haven't changed for ten years" (Human Factors Researcher, 
[DP2]) 
In a similar fashion, existing documents on user requirements were reportedly re-used 
between projects without any regard or knowledge of where the information was 
originally derived. Interviewee [DP11 ] reported this as a starting point for a new 
project, rather than a complete replacement for new requirements capture. Similarly, 
an existing product's functionality may be used to dictate user requirements for a new 
product, thereby making substantial cost savings by utilising existing manufacturing 
infrastructure. DP3 and DP12, human factors consultants, indicated that potential 
problems with user-system interaction could be minimised if user requirements were 
captured with technology restraints in place. Without considering the increasing 
complexity of user-system interaction as a result of additional, automated or new 
technology functionality; new technology could increase the complexity of prior 
versions. Even when functionality is removed from a new product or automated 
leaving less functionality for the user, the user-system interaction or user's conceptual 
model of interaction may change. 
Mismatching human factors user requirements 
The human factors consultants reported several reasons why user requirements 
capture may not always be utilised within a project by their clients. Having captured 
user requirements they described presenting them to their clients, prior to passing them 
on to the design team. This was deemed a frustrating activity if their findings did not 
match the client's preconceptions of what the user wanted. This had even led to 
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disgruntled clients when the two opinions were distinct. Another frustration 
experienced by the human factors consultants was stimulated by a client's changing 
priorities. It was reported that a client may become disinterested in capturing the user 
findings appropriately, in preference for getting results more efficiently. Having already 
collected them, if a project became pressured for time, user findings were described as 
being ignored and not implemented. In addition, rather than using preferred methods, 
project pressures sometimes led to a client asking them to develop user requirements 
based on intuition. 
In these examples, the human factors consultancies' involvement in a project was 
described as being an addition to the design process, rather than an integral part. The 
team and management controlling the project dictated when the studies were carried 
out and when the findings were implemented. Who has control over a project is 
essential therefore for effective use of user requirements. It was suggested that the 
perception that for some project managers, human factors was a `tick in a box', not an 
integral part of a design project. This in itself was described as affecting the 
effectiveness of human factors research. Despite involvement in a project, it was 
reported that if management were not supportive of the human factors, then the task of 
creating a better design was greater than otherwise. 
In summary, human factors consultants reported user requirements being ignored in a 
project due to: a mismatch between the findings expected by the client and those 
suggested by a human factors team, the project advancing due to other business 
pressures, and not being an integral part of the design process. 
9.4.6 Knowledge of the end-user 
Eason (1995a) previously reported three approaches to UCD: design for users, when 
design guidelines from empirical research are utilised; design by users, when local or 
bespoke system are designed and the users must be consulted directly and; design for 
users and by users, when a product needs to be customisable due to task, value and 
aspirational reasons. In these interviews, when discussing knowledge of the end-user 
within the design process, two broad categories of information were identified: generic 
knowledge (similar to Eason's requirement for design for users) and project specific 
sources of user information (similar to Eason's design by users). Surprisingly, there 
were no examples of Eason's design for users and by users. 
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Generic sources of information were reported to be specific data and facts that can be 
used in a variety of contexts. However, with the exception of international standards, 
anthropometric data, and methods to support design, information from sources outside 
of the project or company was reported to be used very infrequently. They were 
sourced from books, online resources and professional publications. Magazines such 
as `T3' were also mentioned as a source of inspiration and for comparisons with the 
existing product market. International standards were however criticised by three 
interviewees, suggesting that they could be more accessible and usable in the real 
world. One design professional ([DP8]) suggested that some guidance was too 
scientific and not to the point, and that multi-racial anthropometric data were needed. 
The reason for the lack of end-user design guidance usage is attributed to the lack of 
resources available within the smart home application field. As discussed in the 
chapter four, smart home guidance (Laberg et al., 2005; Tiresias, 2007 and Van Berlo 
et al., 1999; ) was not developed to serve the designer or to be a solitary resource to 
inform the designer of what people want in the smart home. Rather it was designed to 
be an introduction to a macro level of understanding for smart home stakeholders, for 
example, social services, health professionals, designers, individuals and 
manufacturers. As postulated in section 4.3.1, to provide guidance for all elements of 
the smart home would itself be an almost impossible task due to the nature of the many 
components involved. Design guidance is typically developed following empirical 
research and is, then, most suited to products with a specific function. The smart home 
is a domestic product and purchases are based on aesthetics, fashion and self-image 
in addition to practical considerations of cost and efficiency. In addition, family 
structure is not like an organisation; rather it is complex (Hindus, 1999). For these 
reasons, the smart home seemingly satisfies the requirement for customisability and 
Eason's (1 995a) design for users and by users. Other than by providing direction for 
the use of research methods, design guidance is best suited to product development 
when the product concept already exists. It is no surprise then that the [DPs] working 
at a product Origin, (although they try to build on existing theories of human behaviour), 
did not refer to any design guidance. The view that design guidance was not 
unsuitable was iterated by [DP9]: 
"There is no simple set of rules (with the smart home). (Understanding 
the complexity) that is the more interesting stuff, that is much more 
interesting than coming to a conclusion of what sort of rules a designer 
should follow. That might hold true for a small fraction (of cases), / don't 
know, it is always the same maxim, `easy to use', whatever it means" 
(Smart Home Corporate Project Manager, [DP9]). 
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It was suggested by [DP9] that in his experience, although design guidance had been 
produced, it was not helpful. To overcome the unsuitability of design guidance, specific 
end-user information was reportedly captured empirically by all of the companies 
involved in this research. As discussed in section 9.4.5, this was not necessarily 
always the case. When a project was able to capture user requirements, a design 
professional would follow UCD methods. Project specific sources of information were 
captured in all three evolutionary states of the design process, for example 
ethnographic or lifestyle research was reported to be carried out to gain knowledge of 
the end-user. Despite this user centred information being collected, it was reported 
that when it was passed on to the individuals who should implement it in the product 
design, sadly information was often lost. 
The manner of disseminating information described by [DP1 a], [DP1 b], [DP2], [DP3], 
[DP5], [DP6], [DP7a], [DP7b], [DP7c], [DP1Oa], [DP1Ob], [DP1Oc], [DP11], and [DP12]) 
was seemingly case specific but varied from written reports, audio and videos as part 
of a presentation, to the use of the aforementioned methods within a workshop setting. 
In order for this to be effective, Porter and Porter (1999) found information about users 
should be presented in a format geared towards a designers information needs. When 
this was presented visually Porter and Porter (1999) suggested this to be most 
beneficial to the consumer. This was corroborated by the [DPs] who suggested that 
information presented in a report would decrease the level of information use and 
uptake. Nonetheless, the human factors consultants reported that some clients 
insisted on a report, suggesting that the client's representative was not the design team 
that would be implementing the consultant's findings. The difficulty in using the 
information when it was presented in a report was attributed to too much information, 
leading to the end-user information being difficult to interpret, i. e. the information was 
detailed, rich and often discursive. At the latter and more detailed stages of the design 
process, written reports of user requirements were reported to be common by all [DPs], 
to dictate exactly what is needed from a design, alongside specific and real examples 
or pictures of product prototypes in use. Videos were more likely to be used in 
conjunction with a report to show examples of a product or prototype in use, for 
example, usability evaluations and evidenced recommendations. [DP11 ] stressed a 
requirement for the need to take into account the emerging number of cross-cultural 
design teams who speak different languages: 
"Design teams are cross-culture so the information needs to be produced 
in a Universal way... When we produce our documents we produce them 
all in English. Which isn't very good for a 50 year old Korean man who 
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has never left the country (i. e. South Korea)" (Industrial Designer, 
[DPI1]). 
The experience and skills of the team members who receive the design information 
dictated the manner in which the end-user information should be formulated. The 
project pressures also influenced this, if there was little time then a large report was 
deemed inappropriate. However, if the manner in which information is presented is not 
understood by the design team members, it was clear that it would not be used. 
The human factors researcher ([DP2]) pointed out that the needs of a design engineer 
were quite different to that of an interface designer. This was expressed with the 
example of the force needed to open a fridge door. In this case, the end-user 
information is specific to a particular context (the fridge door) necessitating case 
specific knowledge but this provision was not realistic. To achieve this level of 
guidance, the engineer required a human factors expert on hand, or the ability and 
knowledge to extract the required end-user information themselves. This was the 
reason that information was passed from product to product, because the engineer 
assumed that if it worked before, it would work again. It is not always realistic for the 
design professional that had captured the user requirements to be a user champion 
and be available for consultation. It is therefore imperative for end-user knowledge to 
be appropriately passed on to the design team. The manner in which information was 
presented was described as crucial for the design team members to interpret and 
utilise the information. One interviewee ([DP12]) said that once an employee of a 
company with enough influence `gets' ergonomics they often became an `ergonomic 
champion'. In many projects this `champion' would then understand the need for 
ergonomics and periodically employ the human factors consultants. This was stated as 
the method that human factors consultants followed to gain the majority of their work. 
Finally, the smart home is not a small, tangible dedicated (single function) product, but 
a great and complex product with many individual elements that each require attention 
and may differ in alternate contexts. When user information is collected specifically for 
a project, the information must be understood correctly for the information to be best 
used. 
9.4.7 Challenges to achieve UCD 
The findings of the interviews suggest that the impetus, drive and value of UCD are 
appreciated within companies. This was supported by the design professionals' 
opinion that their work follows good UCD practice. Despite the end-user being 
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considered in all of these companies, the collection of user information does not fit the 
best practice expressed in the literature and sharing the user information within a 
design team may result in its loss, misuse or non-use. The findings in this study 
suggest that a solution to better design would be for all [DPs] within a multi-disciplinary 
team to have a good understanding and education in UCD. Five challenges were 
identified from interviews, to achieve good UCD and are now presented in order of 
priority. 
Challenge 1: Integration of end-user requirements capture 
Eleven [DPs] ([DP1 a], [DP1 b], [DP1 c], [DP2], [DP3], [DP7a], [DP7b], [DP7c], [DP9], 
[DP11], and [DP12]) described the first challenge: to overcome the disassociation of 
end-user requirements capture from other activities integral to the product development 
process. The integration of end-user information within a project depended on many 
factors, including company culture and designing practice. This was most apparent 
when described by the human factors [DPs], with end-user involvement in design being 
perceived and carried out as a separate or additional entity to product development 
and not being integrated within the project. It was clear in interviews that the 
integration of end-user information was carried out in research environments through 
`instant iteration' but this practice was not as prevalent in the latter stages of design. 
Previously, it has been reported that information about end-users is included in the 
design process too late to make any impact without large costs in time and money 
(Johnson and Johnson, 1989; Porter and Porter, 1999). These pressures may not be 
as prevalent for designers working in research laboratories. Reasons for the 
disassociation of user requirements from other design team activities were: 
" Within a single team, engineers and human factors professionals often have 
different deliverables. Separate but concurrent stages of a design process lead to 
independent findings and the deliverables do not depend on one another. The two 
are not then formed into a single deliverable, and without the understanding of the 
process that has led to the findings, the two may be quite distinct. 
" End-users were considered only to `tick boxes' and to look good, and end-user 
involvement was not considered to be an integral part of a design. 
"They have to do it, begrudgingly, but they have to do it so they do the 
bare minimum. They see it as something they have to do, rather than 
something they want to do, sometimes" (Psychologist, [DP7]). 
"If you spoke to this company separately they would turn round and say 
that they use human factors as an integral part of their design process. 
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And I could honestly say they don't. It is a plug-on thing that they see as 
an opportunity to sell" (Human Factors Consultant, [DP3). 
When working as a consultant, it was suggested that it is down to the human factors 
individual to personally build a good relationship to be integrated and work optimally. 
"lt is really down to how you as a human factors person can build 
relationships with them and become involved in projects to allow that 
then to filter in because it is very easy to do this work and produce a 
report and a presentation and people to go, arr, that is great" (Human 
Factors Consultant, [DP3). 
In the interviews however, this disassociated way of working was criticised by all [DPs]. 
It was suggested that user requirements capture should not only run concurrently with 
other activities but also be completely integrated within the design process. 
Challenge 2: Maintaining the meaning of end-user information 
Professionals who worked within companies and as consultants described passing on 
user information to other parties in a design team. A second challenge is to overcome 
end-user information being miss-communicated and/or lost, as it is passed between 
design teams and individual design team members. Echert, et al., (2000) previously 
reported miss-communication as being notorious in the early stages of the design 
process. However, their reference to the early stage of design is later than the early 
stage defined in the interview study (the Origin of product development). In the 
interview study, miss-communication was not reported as highly in the Origin stage of 
product development compared to the later stages of development, supporting Echert 
et al. 's (2000) early stages of design. The apparently lower rate of miss- 
communication is attributed to the seemingly ubiquitous method of `instant iterations' 
within design teams; when the individual(s) who is/are most familiar with, or captured, 
the end-user information is integral to the design team. Nevertheless, the interview 
study did find miss-communication in all stages of the design process to some extent. 
There were also suggestions that a lack of understanding for the usage of end-user 
information is pertinent to the efficacy of the information in the design process. 
"It's a sort of willingness to use it (end-user information) but at the same 
time an un-education, as regard to where the information has been 
derived from and the importance of the context that it came from" 
(Human Factors Researcher, [DP2]). 
In this example, [DP2] describes the lack of education of design team member utilising 
the findings of a user requirements study, causing an inappropriate or lack of end-user 
information use. This lack of understanding for the uses of user-information was 
shown again: 
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"If we had a three month project, and we produced some valuable 
results at the end of it... if we had that again, they would expect it to be 
done in less time with fewer resources because it had already happened 
once" (Industrial Designer, [DP11 ]). 
Despite completely different contexts for use, the examples above describe user 
requirements captured in Project X being reused in a Project Y. Less time was 
allocated to project Y following management assumptions that the time allocated to 
understanding the end-user as part of a UCD process could be reduced, as end-user 
requirements could be reused from Project X. Products that are not associated with 
prior products are then perhaps more likely to be subject to new user requirements 
capture. The time needed to carry out user requirements capture is then dictated by 
prior projects. In the following case, the design team had produced a very simple 
design and the project managers assumed that only a short period of time was needed 
to completion. The same design professional commentated: 
"There is a lack of understanding of how long that process took to get 
there, because all you see is a beautifully simple design. But there is a 
large process behind it to get there; otherwise you just end up with clunky 
things with 40 buttons on it with a horrible form" (Industrial Designer, 
[DP11]). 
[PD3] also reported design compromises by utilising existing knowledge relating to past 
products, rather than attempting to incorporate new human factors findings: 
"lt is amazing; a small change in the technology can involve a massive 
load of human interface complication. Maybe they think, `there is a 
similar product so let's get it out into the market'. And actually those new 
features or new technology introduce massive amounts of, loads(.! ), of 
human interaction issues which I don't think they thought would occur" 
(Human Factors Consultant, [DP3). 
Challenge 3: Understanding roles of design team members 
A lack of understanding for other disciplines and their roles within a design team is the 
third challenge to UCD. It was reported by most [DPs] that there is a need for greater 
understanding of the different people, their skills and boundaries, and the many 
disciplines and methods involved in multi-discipline design teams and UCD. In a literal 
sense, this could be interpreted as to understand the language of different disciplines 
as commented by one electronic engineer ([DP10]) who suggested that understanding 
the sociologists would be easier for him than it would be for them to understand 
electronics and engineers: 
"Obviously a lot of language (in the social sciences) is just English, right? 
Where as on the technical side a lot of language is TLAs (Three-Letter 
Acronyms)" (Electrical Engineer, [DP10]). 
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The electrical engineer goes on to describe the importance of education in 
understanding other disciplines and an individual's specific skills and expertise: 
"There is not just an ethnographer and a social scientist, or psychologist, 
these are all researchers in those different areas, so of course they 
define their own roles over time ... an appreciation of other disciplines is 
an issue" (Industrial Designer, [DP11 ]). 
The poor understanding for other disciplines and individual's role in a design project 
can affect the final design. Crucially when one has no understanding of the role that 
other team members have, then the impact of ones own work on others will not be 
understood. [DP3] indicated that the client failed to understand the reason for 
suggestions, leading to the client's presumption that human factors input prevents the 
remainder of the design team from achieving their project goal: 
"They have controlled where we have delivered and we (the human 
factors consultancy) have been very restricted. they (the client) often fail 
to understand why we are saying stuff. They honestly believe that we 
are saying things to prevent them doing their job. They don't believe that 
the reason we are saying this is because that is what the end-user 
reacted to" (Human Factors Consultant, [DP3). 
Challenge 4: Identity in the holistic context of a project 
Gaining an understanding of other disciplines is fundamental for another challenge: 
understanding ones own identity and role in the holistic context of a project. Without 
this understanding, the design professional could be considered an 'egocentric design 
professional'. Rather than a holistic view of the project and how their role impacts 
other aspects and team members of the final product, a design professional will 
concentrate only on their own detached element of the design. This was pertinent in 
examples of design projects described by the human factors consultants ([DP1], [DP2], 
[DP3], [DP12]) but is strongly linked to challenge three (an understanding of other 
discipline's and their role within a design team). In the following example, design team 
members are given specific tasks to achieve which leave the design professional solely 
focusing on that task, rather than understanding the goal of the task in relation to the 
holistic project: 
"Individuals ([DPs]) are given tasks to do as opposed to getting that 
feeling of a project or a product ... 
individuals are focused on what they 
have to achieve instead of what the whole project has to achieve. So a 
lot of the time, particular individuals are under a lot of pressure to deliver 
X, Y or Z. if the individuals haven't bought into it (UCD) or don't see it 
(incorporating user requirements) as an intrinsic step of completing X, Y 
or Z, then it can be left behind" (Human Factors Researcher, [DP2]). 
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In a second example, human factors considerations in the design of a product were 
compromised by other members of the design team as they did not understand the 
implications of their own role on the holistic project goal or others roles: 
"Once it is in the hands of that guy in the R and D labs (research and 
development), he straight away suggests things that were compromises 
to the design, that were totally off the wall, that just didn't fit with the user 
driven concept that we had. . . 
they don't realise that the compromises that 
they are making are actually fundamental to the product" (Human Factors 
Consultant, [DP12]). 
Without a strong relationship and understanding of one's own role in relation to other 
disciplines and design team members, only one's own goals are considered in design 
practice. This leaves an individual detached from the holistic understanding of the 
design activities. 
Challenge 5: Human Factors is boring and constrains design 
Eight [DPs] ([DP1 ], [DP2], [DP3], [DP5], [DP6], [DP7], [DP10], and [DP12]) stressed the 
challenge of overcoming the perception that human factors and UCD is boring and 
constrains creativity. Without appropriate integration of UCD methods, however, it is 
common for UCD to be used as a `plug-on' as described in the first challenge. One 
suggestion for the adjunct use of human factors consultants and the lack of integration 
of UCD methods in other design activities is that the end user constrains creativity. In 
the following quote it is suggested that recently educated soon-to-be [DPs] believe that 
the end-user will stifle creativity. 
"There is definitely a gap in terms of people coming out of courses.. . they have no kind of understanding about how the user stuff influences their 
outcomes, and they are very scared that it will stifle their creativity. By 
understanding what the user wants they are saying that they can't 
explore the options. People are coming out of Universities in that sort of 
straightjacket ... / honestly strongly 
believe that they think looking at users 
stifles creativity" (Human Factors Consultant, [DP3). 
If human factors consultants continually suggest changes to some aspects of a design, 
however, it is bound to frustrate [DPs], and more so if the design professional does not 
understand the reasoning behind the suggestions. 
Another reason suggested for the perception that UCD is boring and constraining on 
creativity is borne out of the fuzzy line between Art and Design. It was suggested by 
the industrial designer in [DP10] that a design professional who has studied Art 
focused design, rather than user focused design will perhaps anticipate end-user 
involvement in design and any suggested aesthetic changes with distaste. It was 
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suggested that there is a time and a place for both a user-centred product and a 
product that is Art. 
On a more positive note, it was reported that when UCD is carried out appropriately, a 
project can be more focused, and design activity more efficient with appropriate 
solutions being suggested. Comments were made to support this including: 
"A very impressive array of demonstrations were created and it was that 
(human factors) sort of design constraint (that) proved to be quite a good 
catalyst for getting the ideas, that were sort of ideas that were wandering 
exploring around, focused and pull the technology along. It is not that 
they (the project goals) change, it is that they become more focused" 
(Experimental Psychologist, [DP6]). 
9.4.8 Perceptions of the future home 
Unsurprisingly, all [DPs] suspected that technology would continue to increase in the 
home. It was anticipated that this would then lead to the smart home emerging, but no- 
one stated specifically how they expected that it would materialise. The literature has 
identified multi-faceted challenges to the adoption of the smart home including, cost, 
technology sophistication, usability, perceived user complexity and consumer 
acceptance (section 2.2.3 and 3.2). These were supported by the [DPs]. An additional 
difficulty envisaged by the [DPs] stems from the contrasting industries that develop 
home technology (section 9.4.4), the need to `change the user perspective' of home 
products. This refers to the difficulty manufacturers have in selling additional `smart' 
functions that are not related to the core functionality of a product, specifically with non- 
entertainment technology. For example, a fridge or washing machine with an LCD 
screen will cost more and was described as not currently tenable. The Human Factors 
Researcher ([DP2]) described the missing factor as the `excitement factor' and felt that 
the smart home will not exist until this is expected by the consumer in all products: 
"They'll (the user) come to just expect, rather than it being an excitement 
factor it will be expected and your washing machine will have to provide 
very similar experiences, just to interact with customers because that is 
what they will expect. I think we will go through a transition, we are 
seeing it now, where companies are putting a toe in the water and are 
doing very top end things, the technology is there to do this, it is all about 
cost" (Human Factors Researcher, [DP2]). 
The inhibiting factor in this quote is identified as cost. We know from the history of 
home technology diffusion however, that `time-using' technology diffuses far more 
quickly than `time-saving' technology not indicatively of cost and independently of 
socio-economic class (Bowden and Offer, 1994). A human factors consultant ([DP12]) 
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summarised the conundrum by suggesting that by creating a product out of several 
industries combined, it has no apparent market segment wanting that particular mix of 
offerings. This may explain why the current smart home industry is fragmented and 
mainly based around entertainment technology. The Smart Home Corporate Manager 
([DP9]) presented the modular approach as the best solution to this, whereby individual 
technology `modules' can absorb large costs and leave the consumer in control of 
exactly when and what technology is brought into their home: 
"We are not only talking about a product we are talking about a system, 
and a huge system, and it has to be simple, and it has to offer valuable, 
substantial benefits. Otherwise you will never buy it so willingness to pay 
comes in also very early" (Smart Home Corporate Project Manager, 
[DP9]). 
Difficulties with the smart home concept was summarised in an analogy with the car 
industry: 
"It is difficult (developing the smart home) because a car is manufactured 
by one owner, one company. The house comes from anywhere, we 
don't have that organised approach like the car industry: like we do it this 
way, put it in the car and the end-user will buy it" (Smart Home Corporate 
Project Manager, [DP9]). 
Generally all consumer products are made up of components that are manufactured by 
a number of companies, for example the car, laptop and personal computer are not 
built by the individual through purchases of specific components. The seven 
companies who were developing smart products in this study were all developing a 
modular approach to the smart home. The intelligence of such a system comes from 
the technology communicating with one another, and relies on a communication 
standard for individual technology products. Some of these modules will require an 
installation engineer (for example existing security systems) and the product business 
model therefore, include an installation company. This in itself will create an additional 
barrier for the consumer as they can not themselves install the system. The modules 
must be easily, individually replaceable, and maintain the same infrastructure over a 
prolonged period of time. 
9.4.9 Perceptions of future working practices 
The designers' perceptions of future working practices are presented in Table 9-3. 
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Table 9-3: Perceptions of future working practice as described by the [DPs] 
Perceptions of future working practice 
1) More UCD with real users It was suggested that the design process in the future will be 
more open to UCD with real users. In the experience of the 
[DPs] the younger generation of [DPs] are more open to 
UCD as they are used to methods rooted in UCD, for 
example, human computer interaction (HCI), and work more 
frequently with professionals with such experience. 
2) More inclusive design It was suggested that there will be an increase in inclusive 
design, as the need of products for the aging population 
becomes more prevalent. 
3) Greater emphasis on 
lifestyle research 
Due to the recognised need and increase in home product 
development, it was envisaged that the recent increase in 
lifestyle research will continue and benefit future design with 
more usable final products. 
4) Greater documentation of Design team processes will have to be more explicitly 
individual expertise documented because of the increased complexity of the 
products and need for an understanding of different 
disciplines. It was commented that design team 
management is not always explicit. 
5) Integrating global design The additional stresses and challenges due to a global 
teams collaborative design team were a concern; this included 
temporal, spatial, language and cultural barriers. 
6) Feedback instrument for There was a need for more feedback instruments on product 
products usage. It was suggested that feedback may be gained 
currently for marketing teams but the information neither 
was appropriate for nor passed onto the [DPs]. 
These six perceived changes to future working practice can be split into two groups; 
the first three are perceptions of working practice that will emerge naturally over time, 
whilst the latter three demand specific interventions in the design process. 
9.5 Conclusions 
The following conclusions are supported by this study: 
1. Design professionals did not want `smart home guidelines', the complexity of 
integrating different functions in many contexts (different rooms within the 
home) as a single system warrants the smart home to be described as a 
system rather than a (single functioning) product. It was considered most 
useful to have a greater understanding for appropriate working practices that 
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will lead to an understanding of the user and the impact of smart home 
technology. 
2. A `technology push' / `user push' dichotomy does not represent design 
professionals perceived working practices and are not considered useful in 
identifying the reasons attributed to people's frustrations with technology. It is 
proposed that a `technology push' - `user push' continuum is more realistic in 
representing real working practices. However, it has been identified that user 
push (UCD) is advocated whilst acknowledging the need for technology 
awareness; multi-disciplinary teams require more explicit guidance of design 
practice to achieve the most effective UCD. 
3. Previous research has called for the UCD of products. This research has 
established that companies are trying to become more customer or people 
focused and one method being practiced and advocated is UCD and ensuring 
the user perspective is accounted for in design. Terminology related to UCD 
has been found to be ambiguous however. This in-turn appears to have led to 
inappropriate understanding and practice of UCD methods. For example, all 
participants' considered their working practice to be good UCD. A design 
professional may think that their working practice is appropriate and it may be 
user centred but may not understand the reasons that their practice is not 
appropriate. UCD will not then be efficacious. Appropriate use of UCD 
methods must be more explicit. 
4. In another example of why UCD, despite being practiced, is not efficacious, 
design professionals may not be aware of the implications of their work within 
the `bigger picture' of the project. This is one reason that can lead to user 
requirements being `lost in translation'. To counteract bad and non-efficacious 
UCD practice, it is recommended that design professionals need to understand 
all elements of design. `A systems view' is needed to understand and manage 
one's work within a project in relation to the whole design team. This is a not 
novel observation but the finding reiterates the importance of this 
recommendation for current design practice. 
5. Many design and human factors consultants are employed to investigate or 
capture user requirements to minimise the risk of designing products that are 
not wanted or unusable. To maximise the benefits of this information, it was 
clear in all states of design that it should be implemented in the design process 
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by the person(s) who obtained the information. The most successful user 
requirements integration in a project was reported to be carried out concurrently 
with the whole design team. The whole design team will then understand the 
value of the user requirements. Design professionals reported this to be 
particularly important. 
6 Although participatory design in the sense of consulting the end-user regarding 
the design of technology was reported, co-design, i. e., allowing users to actively 
contribute to design by embodying needs, requirements and desires in models 
of technology, was now reported explicitly by any of the design professionals. 
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Chapter 10: Discussion, implications and 
recommendations 
10.1 Introduction 
This thesis is concerned with the emergence of the smart home and identifying 
priorities to ensure good design, which enables people to take advantage of such 
technology. As part of an eighteen-month project, this research contributed to the DTI 
Next Wave Technologies and Markets programme (Next Wave Technologies and 
Markets, 2004) by exploring both the user and the designer of the smart home. The 
thesis aimed to investigate user perceptions and capture requirements of the smart 
home, to support industry practice in the development of smart home technology 
products. The four research objectives (reproduced below) are addressed in this 
discussion of the research findings. 
5. To explore what people want from smart home technology in terms of their 
physical, cognitive and emotional needs. 
6. To identify challenges to smart home technology in order to meet the needs of 
different users. 
7. To understand design professionals' needs, opinions and experiences of 
working practice, in relation to user information and user involvement in the 
design process. 
8. To provide guidance to facilitate `designers' in understanding the user, to 
support the design of future smart home technology. 
To satisfy the research aim and objectives a series of studies were conducted (see 
overview of the thesis, page 247. To begin with, a purposively broad range of 
participants were enlisted to understand perceptions and attitudes towards the smart 
home. Through the use of a number of research methods (focus groups, 
questionnaire, probe study, interviews, and co-design), a people-centred perspective of 
the smart home was gained. Following this user research, in order to understand how 
to support industry working practices, an interview study was conducted in companies 
striving to make smart home technology a key element of their future business. The 
analysis revealed insights into UCD practice, which have lead to implications for 
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professional practice, in the form of guidance for user behaviour surrounding 
technology in the home and challenges for UCD. 
10.2 Overview of research findings 
A summary of the findings of the four empirical studies are presented below. Following 
this, the findings will be drawn together leading to the research conclusions. 
10.2.1 Smart Home Workshops: investigating user perceptions of the 
smart home 
An initial qualitative study (chapter six), involving eight workshops (n=55) with a 
purposive and directed sampling strategy, was conducted. It aimed to establish 
people's attitudes, expectations, and reactions to the smart home, and how they 
perceived living in such an environment. In addition, it explored peoples' experiences 
of existing technology. Erlandson et al. 's (1993) description of `emergent category 
designation' was followed to analyse the data. Positive and negative perceptions of the 
smart home differed between individuals within the workshop groupings, suggesting 
that designers must focus on customisable and individual technology. 
Nonetheless, the workshops revealed generally positive perceptions and attitudes 
towards the smart home. Eight main themes emerged pertinent to the development of 
the smart home, these were: cost; home security, personal privacy and personal 
safety; usability; technical reliability; flexibility; maintaining independence / keeping 
active; saving time; and addressing environmental issues. 
Cost was a major issue that could not be ignored by participants, suggesting that it will 
inhibit the adoption of the smart home to those without an abundance of wealth. 
Dewsbury's (2001) previously noted the smart home to be, "a toy for the rich and 
famous. " This perception holds true with the workshop participants and the current 
smart home market (section 2.2.3). Home technology adoption is already not as 
prevalent within homes of a low national statistics socio-economic classification (NS- 
SEC), a low weekly household income, and if the home is occupied by a lone-parent 
family (ONS, 2002). The perception of the smart home suggests that it could 
accidently extenuate the technology adoption gap in society. Following interviews with 
health professionals and older people in relation to how technology can support 
independent living, the issue of cost (amongst others) was also noted by Blythe et al. 
(2005) as being a hard to solve, moral and political problem but not one that should 
be 
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ignored by technologists. For example, they presented two examples of socially 
dependable technology design that do not necessarily incur high costs or defer care 
from people to machines but, rather, provide support for people to support people. It is 
imperative then that technologists contribute to developing cost-effective technology. 
The remaining seven themes can be split into themes that are indicative of experiences 
with existing technology, and themes that resulted from insight into the potential for 
smart home technology. The three themes: home security, personal safety and 
security; usability; technical reliability; are indicative of individuals' experiences of 
interaction with existing technology; this has a profound impact on the perception of the 
smart home. Rogers (1995 and 2003, pg. 14) describes `technology clusters' as, "one 
or more distinguishable elements of technology that are perceived as being closely 
interrelated. " He suggests that innovations that diffuse at the same time in a social 
system are related. The legacy of complex, difficult to use and frustrating home 
technology has left users with apprehension and a lack of confidence in technology, 
suggesting that this will have an effect on the adoption of the smart home. 
Contrary to Demiris et al. (2004), the older individuals were not as positive towards the 
smart home as other participants. This is partly attributed to the socio-economic status 
and low technical proficiency expressed by the older individuals. The group of older 
individuals frequently suggested that smart home technology was more suitable for 
their grandchildren's generation. This has been attributed to their lack of perceived 
personal compatibility with the smart home, as described by Rogers (1995 and 2003). 
The remaining four themes (flexibility; maintaining independence / keeping active; 
saving time; and addressing environmental issues) are not so obviously based on 
experiences of existing technology, as they are related more strongly to technically 
superior technology that is indicative of visions of the future smart home. 
Nevertheless, there was a strong indication that individuals want to maintain existing 
direct, physical interaction with technology, in addition to any `invisible' controls. 
The flexibility theme indicates individuals' need for unstructured routines. This finding 
contradicts previous research (Mozer, 2005), which depicted a positive attitude towards 
technology that dictates an efficient routine on the occupant. The sole inhabitant of a 
smart home and the principle researcher, Mozer suggests that his own conceptual 
model of the system's model of inhabitant behaviour leads him to limit his behaviour 
and routine, to suit the expectations of the Adaptive Home. This is described positively 
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by Mozer but was criticised in the literature review (section 3.3.4) and is refuted by the 
findings of the workshops. 
The maintaining independence / keeping active theme suggests that activity and 
activities should not necessarily be withdrawn from the home occupant, even those that 
are considered chores. The older and physically disabled individuals were insistent 
that smart home technology should not remove activities, strongly expressing the 
importance of maintaining cognitive and physical activity to defer the onset of physical 
and cognitive decline. 
However, the time-saving theme contradicts this; there were examples given that in a 
busy week the removal of chores was received positively and anticipated to create 
more time. The time-saving technology-paradox (Berg, 1994) suggests that this 
assumption is not as elementary as first considered. In addition, half of the physically 
disabled participants expressed that smart home technology would enable them to 
cope better with their physical disability, supporting the belief that it is `a means to 
enable independence' (Bierhof, 2007; Demiris, et al. 2004; and Kow and Helander, 
2005). Previous research also reported different findings in relation to the removal of 
physical activity from the home occupant. For example, Demiris et al. (2004) did not 
report housework as a major user requirement, in contrast to Kow and Helander (2005) 
who found housework to be one of seven major functions for the smart home. 
The Smart Home Workshop findings then, suggest that there are contrary and 
juxtapositional attitudes towards technology functionality between individuals, 
seemingly due to individual's perception of control and autonomy. This ranges from 
one's desire to maintain independence and/or an active lifestyle without technology 
(adopting technology could be deemed as `giving in'), to adopting technology to 
empower oneself, support independence and a more active lifestyle. In addition to 
portraying independence as a benefit of the smart home, some research discusses the 
importance of designers ensuring users maintain control of technology (Gustafsson et 
al., 2003, in relation to IT generally; Hamill, 2006; and Heidman et al., 2003). However, 
none of the research to date clarifies the distinction but relationship between 
independence and control that the Smart Home Workshop suggests. Independence is 
the position of not being dependent on authority or alternatively, not relying on others 
for one's opinions or behaviours (Snowdon et al., 2003). Whilst maintaining control of 
technology appears to be related to autonomy according to Turner et al. 's, (2003) 
description, "the ability to govern one's own actions. " It seems then that the manner 
in 
which independence is achieved must account for an individual's perception of what 
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will satisfy their own autonomy, which can be supported through the perceived control 
of activities in the home. The importance and desire that users placed on maintaining 
cognitive and physical activities, provides additional support for designers to ensure 
individuals' at least perceive the control of their environment 
For the addressing environmental issues theme, participants assumed that smart home 
technology could support efficient energy management and support behaviour change 
through cost and energy knowledge. This formed one focus of the subsequent study 
as how this information would be used was not clear in the workshops. 
The priority areas for the smart home were established through enthusiastic discussion 
in the workshops and supported with a questionnaire requiring the participants to rate a 
number of potential smart home applications. Home alert (health technology); the 
control of air-conditioning, lighting, heating; and information relating to cost and energy 
usage (energy management), were all identified as a priority by the Smart Home 
Workshops participants. 
10.2.2 Home Case Study: understanding behaviour surrounding home 
technology 
Chapter six identified broad themes pertinent to people's attitudes, expectations, and 
perceptions of the smart home, and explored experiences of existing home technology. 
To fulfil the remit of the particular part of the Next Wave Technologies and Markets 
programme that this study supported, the subsequent research study focused in on 
lighting, heating and energy management. More specific, rich and in-depth information 
was then needed regarding usage and behaviour surrounding home technology in 
actual homes. First, probes (Gayer et al., 1999; Hemmings et al., 2002) were used to 
enable participants to document their lives, contexts and experiences without the 
presence of the researcher (Mattelmaki and Batterbee, 2002). Secondly, in-depth, 
exploratory interviews were conducted to capture the rich, personal experiences behind 
the findings in the Probe Study. Following a cross-case pattern analysis (Patton, 
2002), eight main themes emerged from the findings pertinent to existing and smart 
home technology, these were: diversity of technology use; environmental concerns; 
technology structures the home; non disposal of redundant technology; the diffusion of 
innovations in the home; non-use and the difficulty in use of technology; the emergence 
of user requirements; and the perception of my future home. 
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A diverse range of technology uses were revealed in the home study surrounding 
technology, supporting the complex interpretation of behaviour surrounding home 
technology (Hindus, 1999). Even heating and lighting usage revealed a variety of 
difficulties, frustrations, and a range of `systems' to control their state, despite being a 
simple technology. These findings revealed four attitudes to energy consumption but 
the desire expressed by many participants to conserve energy usage, was generally 
contradicted by conflicting behaviour. For example, one female insisted on her 
husband changing his behaviour to conserve energy, yet, she would ensure lights were 
timed to be on before arriving home from work to ensure a `welcoming home'. This 
suggested that individuals required a greater direction to ensure that their attempts to 
save energy are productive. On the other hand one good behaviour may be justifying a 
`bad' behaviour. 
Hindus (1999) stated that family structure is not like an organisation, rather it is 
complex. Findings in this study suggest that despite complexity, there is structure 
within the family and the manipulation of technology (even heating and lighting) 
contributes to structuring behaviour and the roles of individuals. Meyer and 
Rakotonirainy (2003) pointed out that offices are task orientated, whereas homes are 
unstructured and people decide independently how, when and where they want to 
organise their time and activities. The importance of flexibility in routine is supported 
by this research (flexibility is one of the main workshop themes) but individual roles in 
relation to technology use and knowledge (expertise), found in the Home Case Study, 
suggest that there is structure and roles that may not be immediately explicit. Soronen 
and Sotamaa (2004) reported that daily activities are affected by the material objects 
and spatial aspects of the home. In the Home Case Study, the use of technology 
(heating and lighting) was found to support occupant comfort, perceived security, and 
the feeling of physical presence, and the manipulation of technology acted as a 
mechanism to maintain home control, and to structure behaviour and the roles of an 
individual. 
Automating technology functionality could lead to difficulty for an individual to dictate, 
beyond its primary function, the action of the technology. Removing the unsystematic, 
direct manipulation of technology would result in losing the ability to use technology 
for 
greater effect than the basic function of the technology (control). This supports the 
findings discussed in chapter 6, regarding an individuals' need to maintain autonomy 
and existing home interaction control. Implementing automated technology in the 
home, therefore, will affect individual behaviour and the behaviour of others 
in the 
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home, through the use of technology. These `secondary' functions, that only exist 
when an object is manipulated in a particular manner, will be missed in the design of 
technology that does not account for the social and technical needs of a system, in the 
context of the behaviour. 
Two types of knowledge relating to technology, pertinent to the adoption and use of 
home technology, were apparent in this study. First, family and friends played an 
important role in the adoption of technology, not only in providing recommendations for 
products, but advising individuals of the benefits of new technology that otherwise may 
have gone unnoticed. When this `social network of knowledge' is not in place, 
however, individuals appeared to become frustrated by their lack of technology 
knowledge. The author is not aware of this frustration being reported previously. 
Secondly, the Home Case Study found a `technology proficiency hierarchy' relating to 
the uses of home technology. For example, one individual may have technology 
knowledge that is superior to other household members. When consumer technologies 
have a complicated and evolving nature, like the smart home, the trajectory and time 
scale of diffusion can be quite prolonged (Shih and Venkatesh, 2004). When this is the 
case, it is important to consider use-diffusion; Shih and Venkatesh (2004) proposed 
four types of technology users: intense users, specialised users, non-specialised users 
and limited users, based on the criteria: variety of use and rate of use. They suggested 
that these categories vary on the social context and technology makeup of the 
household, personal factors and external influences. The hierarchy of use found in the 
Home Case Study did not appear to be bound by the physical home walls but included 
the `greater' family and friends network linked to a particular home. Shih and 
Venkatesh's (2004) use-diffusion categories are not intended to pigeonhole the 
population. Instead, it is proposed that individuals move through the categories over 
time. However, it was apparent in the Home Case Study that without the motivation to 
learn to use technology, knowledge of technology will not grow, and the use of 
technology may decline. With additional complexity, the smart home could potentially 
extenuate the gap between technology users, and inadvertently alienate some 
occupants from home technology. This could also create a larger `knowledge gap' 
between individuals in a particular household and empower particular individuals in the 
home. This is likely to add to the frustration that was expressed regarding the use of 
existing technology. 
Findings suggest that home technology and their associated instruction manuals 
remain too complex and often frustrating for many people. Seven primary reasons 
for 
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poor usability in home technology products were identified. These were: i) a miss- 
match between the user and product requirements, in two cases, items had been 
bought that did not perform the functions required; ii) a lack of flexibility, technology 
within the home is not able to evolve with the home when room walls are moved or 
changed; iii) a lack of intuitive design, participants find technology is not intuitive 
requiring them to develop there own strategies to operate; iv) a lack of accessibility, 
some designs of products within the home are not accessible; v) appropriateness of 
design, this relates to both individual technology products in the home and the physical 
design of the home; vi) poor physical design; and vii) a lack of knowledge, an attitude 
towards some home technology that left them unusable because they are not prepared 
to invest time to learn how to use them. These negative experiences support the view 
that UCD should be followed to ensure more usable technology (Buurman, 1997; 
Norman, 1988). 
The methods followed for the Home Case Study supported participants in 
consideration of their own behaviour in ways that they had perhaps not done previously 
and because of this, they began to identify their own user requirements for the smart 
home. These perceptions were captured in the perception of the smart home theme. 
These behaviours contributed to the `perception of my future home' theme for which 
participants identified complex and single tasks for the smart home. 
The findings in the Home Case Study suggest that removing the direct, physical 
mechanisms to control home technology would be to the detriment of existing 
behaviour secondary behaviours, without the option of alternatives that can be 
manipulated easily. Findings also support the need for individuals to maintain 
autonomy in the home, through the manipulation of home technology. The apparent 
influence of an individual on another's behaviour suggests that new technology 
implementation in the home will influence behaviour in the home. The simple 
functional uses of technology form only a fraction of the total uses of technology. 
Additionally, smart home technology could actually cause a greater knowledge gap of 
technology use between individuals, leaving people frustrated and unable to interact 
with their own home. These findings demonstrated the importance of exploring the 
uses of technology in their actual context of use by identifying uses of technology that 
would otherwise go unnoticed. 
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10.2.3 Co-design Workshop: embodying smart home user requirements 
Using `probes' (Gayer et at., 1999; Hemmings et al., 2002) in the Home Case Study 
provoked the participants to think about the smart home and interactions with their 
existing home technology that they would not normally consider. This resulted in key 
findings in the Home Case Study relating to existing behaviour surrounding home 
technology and the potentially detrimental effect of removing control with more complex 
systems. To understand individual perceptions, functional and emotional requirements 
of smart home user-system interaction, participants engaged in creative co-design 
activities for this phase of the research (Sanders and William, 2003). This enabled 
participants to communicate views by embodying them in models. The models were 
then triangulated with the workshop sketches, comments, verbal presentation, and 
tabulated to identify and prioritise the key model attributes. With a designer, a process 
of synthesis was carried out from which four different smart home concepts derived. 
There was generally a positive attitude towards the smart home as communicated in 
four smart home concepts. These concepts were differentiated by three attributes: the 
functions of the smart home; the locus of user-system control, the autonomy of the 
system; and the nature of user-system interaction, e. g. speech, gesture buttons. 
Despite the acknowledgement of the value of perceptive and aware technology in the 
Home Case Study, the most important emphasis, communicated through these 
concepts, was maintaining user empowerment and individual's autonomy through the 
control of the home. The Co-design Workshop findings support previous advice for 
designers to put people firmly in control, for example, Hamill's (2006) and Heidman et 
al. (2001). 
For workplace oriented systems, Parasuraman et al., (2000) proposed a model of ten 
types and levels of automation for the full or partial replacement of function that was 
previously carried out by a human (operator). This ranged from the computer system 
deciding everything, acting autonomously and even ignoring the human, to the human 
offering no assistance and making all decisions and actions. Unlike work orientated 
systems, however, the findings of the Co-design Workshop (supported with the Smart 
Home Workshop and Home Case Study findings) suggest that a completely 
autonomous home system is not suitable for the home. 
The concepts embody the finding that the user must always maintain or at least 
perceive control from previous chapters. The more functionally sophisticated that 
the 
concepts were, the greater the system ability was to initiate interaction to support 
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control of the home. Parasuraman et al., (2000) differentiate making a decision for an 
action and performing an action. Nevertheless, functionality would not be automatic 
but empower the user and maintain autonomy, through the perception of user control 
over the home. The research suggests that people would not be happy to leave a 
system with complete control of the home. Unlike the workplace, where some 
functionality could be autonomous, it seems that any home system would never have 
autonomy to this extent. This suggests that Parasuraman et al. 's, (2000) levels are not 
all applicable to the home and, in particular, the rather draconian extreme which leave 
no choice to the user. All levels of technology sophistication in the home must 
maintain the user's perception that they are in control, leaving minimal, if any 
automated functionality in the smart home. The users' perceived control of the home 
(or the decision for an action) must be consistent for low and high functioning systems, 
thereby satisfying the need for autonomy, the preference of whether or not an 
individual will perform an action will then depend on indeterminate individual factors. 
Functions prioritised and communicated through the co-design concepts varied from 
simple to complex and the nature of user-system interaction varied from unobtrusive to 
intrusive system interaction. A predictive model to indicate an individuals' acceptance 
of a system that will intervene, monitor, control or support tasks in the home, will be 
complex. A comprehensive model of the control of system functionality is needed 
suggesting that control in the home will be more complex than simply dictating that 
domestic devices should put people firmly in control, as Hamill (2006) and Heidman et 
al. (2001) have done. A perceptive smart home system will require an understanding 
of the many individual and environmental variables that determine what is appropriate 
in human-human social interaction. The indeterminate nature of these variables begs 
the question of the reality of technology with perceptive capabilities. The Media 
Equation suggests, however, that it is only the perception of human attributes that lead 
to people to believe technology has intelligence (Reeves and Nass, 1996). 
Supporting the Home Case Study findings, the user-system interaction personified in 
the co-design concepts was intended to supplement existing specific and tangible 
home technology mechanisms of control. This appears to support one of Mozer's 
(2005) suggested reasons that the smart home has failed, as people are content with 
existing home controls. However, this can not be substantiated without further 
research. The smart home concepts embodied complex smart home functions with 
simple user-system interaction, supporting the user's necessity for simplicity (Randall, 
2003). 
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10.2.4 Designer interview study: exploring experiences of industry 
practice 
Following the three studies focusing on the smart home user, it was necessary to 
explore the working practices and experiences of the professionals involved in the 
research, development and design of the smart home. In-depth interviews were 
conducted using a Grounded Theory (Strauss and Corbin, 1990) approach to data 
collection. Analyses lead to seven themes related to current working practice and the 
smart home, these were: the smart home industry; influences on working practices and 
UCD; involvement of the end-user; knowledge of the end-user; challenges to achieve 
UCD; perceptions of the future home; and perceptions of future working practice. 
The interviews revealed that companies were genuinely aiming to be 'people' focused. 
In an attempt to achieve this, design professionals and their employers advocated UCD 
in an attempt to incorporate the user perspective in technology development. They 
also followed UCD methods and believed that their practice was appropriate for 
particular project goals. Nevertheless, challenges to efficacious UCD remain, those 
most strongly identified were: the need to integrate end-user requirements capture, 
maintain the meaning of end-user information; poor understanding of the roles of 
design team members; understanding one's identity in the holistic context of the 
project; and overcoming the attitude that human factors is boring and constraining. 
The design professionals in this study all worked in multi-disciplinary teams. Although 
education in different disciplines is not totally disparate (there is overlap), it was clear 
that individuals neither had a consistent understanding of one another's expertise nor 
UCD. Although it was not always the case, seemingly ambiguous understanding and 
terminology surrounding UCD inadvertently led to inappropriate understanding of UCD 
methods amongst professionals. This led to practitioners believing that they were 
carrying out good and appropriate UCD, when in reality, they were breaking basic 
principles of UCD, with perhaps adverse effects. 
The consequences of individuals in a team not having an equivocal understanding of 
UCD, potentially left any advantages of the inclusion of real users, or information 
regarding user needs, redundant. When users were consulted, the designers admitted 
that this information was not necessarily used, or may have been lost when passed 
from one design team member to another. A design professional that is not aware of 
the implications of their work, as they do not understand the reasons that design 
decisions have been made within the whole project, will have adverse consequences, 
including: compromising the design that, until that point, was based on user 
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requirements, and, more concerning, adding complexity to the user-system interaction. 
Designers must not only understand the technical consequences of their decisions but 
also the effects that it will have on the user-system interaction and user experience. 
The terms `technology push' / `user push' did not reflect design professionals perceived 
working practices and were not considered by them to be useful in identifying the 
reasons attributed to people's frustrations with technology. A `technology push' P user 
push' continuum relevant to a particular type of project was deemed more realistic in 
representing real working practices. 
Previous research has reported that designers would like to user ergonomic data but it 
is not presented appropriately and for this reason it is not used (Gyi et al., 2000; 
Hasdogen, 1996; and Porter and Porter, 1999; ). Rather than a call for guidelines 
regarding a specific construct in a particular format, professionals acknowledged the 
complexity of the smart home and designing for the home. Findings of the interviews 
with designers suggest that the support that they required was a greater and more 
explicit understanding of the methods to support design, how individuals should best 
work together to achieve good design, and how to attain a greater understanding of the 
challenges that the smart home presents. It was reported by these designers that 
users are not necessarily directly consulted in UCD. Depending on the literature, this 
may or may not be considered UCD. For example, Buurman (1997) does not stipulate 
that users must be active in the design process, whereas BS 13407 stipulates active 
involvement of the end-user. As suggested in the literature (Porter and Porter, 1999), 
designers reported that temporal and monetary constraints can cause pressure and 
compromise `ideal' working practice. In addition to Eason (1995a), who described 
different approaches to UCD depending on the product being developed (from generic, 
to bespoke, and finally customisable products), Olsson (2004) put forward a continuum 
of a range of user roles in design, from simply being a passive subject of observation 
through to being an active agent, to being an empowered partner as a co-designer. 
The many number of UCD methods demand a large amount of understanding from the 
designer, to decide what is suitable for a particular situation and context. The findings 
in the interviews with the designer study suggest that this has led to an ambiguous 
understanding of UCD and the associated methods. User involvement in the design 
process is not an exact science; there is no rubric dictating the definitively best practice 
UCD. Without a clear understanding of the options for user involvement, or the 
knowledge of the literature recommending design practice however, a designer is 
limited to their own and other individual's expertise, and organisational and cultural 
norms. It was suggested that greater clarity is required to support UCD methods and 
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the need for a greater emphasis of design in the home, rather than making 
assumptions about the context that technology is used within. 
10.3 Implications for professional practice 
The thesis aimed to investigate user perceptions and capture requirements of the 
smart home, to support industry practice in the development of smart home technology 
products. It may have been elementary to provide design guidelines based on the user 
perceptions and requirements gained in the three studies that focused on the end-user. 
However, in consideration of the findings from the interviews with designers, `smart 
home guidelines' would not be efficacious. That is, a set of specific instructions for 
designers based on an empirical model that will be followed to support design. The 
focus of this research was the smart home, in its entirety, not an element of it. 
Hasdogan (1996) previously found that the use of guidelines is limited and 
predominantly for physical (one-dimensional) aspects of the human and that they often 
do not fit into design practice. Burns et al. (1997) emphasised the need for specific 
human factors guidelines for a particular context, for industry needs, that should then 
be suited for the skills of the designer, and that designers should be made aware of 
them. They stated that guidelines should not be sweepingly broad, which smart home 
guidelines have been hitherto (section 4.3.1). Although steeped in context, any 
guidelines drawn from the research in this thesis would be broad. As a consequence, 
any attempt to mould the findings into guidelines would neither have been productive 
nor appropriate. 
The complexity of integrating many different functions and technologies from 
traditionally different industries, in a number of home contexts, for a multitude of 
activities and situations, warrants the smart home to be described as a complex 
system, rather than a single functioning product. Indeed, the indeterminate array of 
individual requirements discussed in the research findings, presented in this thesis, 
necessitates smart home technology to be customisable and leave the home occupant 
with personal choice over its functionality. Rather than utilising guidelines and 
designing for the user, for customisable products, Eason (1 995a) suggested that 
design within a UCD process should be for and with the user. Despite the apparent 
ubiquitous UCD practice claimed in the interviews with designers, the methods followed 
and described as part of practice do not match Eason's (1995a) suggested requirement 
for a customisable product. 
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The findings from the interviews with designers indicate that the most pertinent support 
needed for smart home technology designers has two elements. First, research must 
facilitate designers' understanding of user perceptions and requirements for existing 
and smart home technology. Research, as part of this thesis, elicited this 
`understanding' from a purposively broad sample of end-users in three user studies 
(from broad themes of users' perceptions of the smart home to rich and more detailed 
desires for the smart home and existing human behaviour surrounding home 
technology). Secondly, designers from all disciplines need to have a greater 
understanding of UCD to overcome the ambiguity that surrounds UCD methods. This 
will contribute to clarifying, for future design, what is best practice to understand home 
behaviour, and the impact that technology has on behaviour in the home. These two 
elements will provide a framework for the synthesis of the thesis findings as `industry 
practice guidance'. Therefore, rather than a formulaic and one-dimensional answer to 
what people want from smart home technology in the form of guidelines, this thesis has 
aspired to provide information for the industry and the design professional by 
accounting for the multi-dimensionality of human behaviour. 
10.3.1 Industry practice guidance: behaviour surrounding technology 
The main findings of the user research that contribute to the guidance for design 
practice is now presented. It must not be forgotten, that there were positive 
perceptions of attributes of smart home technology. Ensuring that these are realised 
will require an, arguably, even greater focus on the user in the design process than 
ever before. 
Individuals want vastly different smart homes, and to be integral to the decisions 
that lead to the attributes and adoption of their smart home technology. 
Specifying the functionality of smart home technology is complex, for example, one 
cannot assume that people want `chores' automating. Behaviour in the home 
surrounding specific activities and technology depends on many factors, including: 
experiential, spatial, temporal, social, organisational and cultural. Indeterminate 
individual attributes of home occupants will affect the perception, attitudes and 
requirements of the smart home, this will be influenced by relationships between home 
occupants and social networks of people not living in the home; the experiences of 
individual's with technology that effect the perception, attitude and trust of smart home 
technology; and the perceived roles of individuals in the home. To support the medical 
model of service user's needs in the design of health orientated home technology, 
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research is attempting to incorporate the social context of the home by eliciting the 
views of the user and health professionals that account for the holistic needs of people, 
for example, occupational therapists (Blythe et al., 2005). To establish the appropriate 
smart home technology for a particular individual and their environment, it is necessary 
that the customisation of the smart home, for an individual, must incorporate eliciting 
the views of individuals and provide support for the adoption of technology. Findings in 
this thesis suggest that individuals do want technology that is useful but they are not 
necessarily aware of its benefits or that it exists. 
The smart home must account for the complex behaviour surrounding simple 
technology; primary functionality is only a small element of total usage. 
When designing home technology the primary function is only the first level for the 
function of the design with even simple technology, for example, switching a light on. 
When the technology is used in the context of the home, the manner in which it is used 
will lead to secondary functionality far beyond the primary, basic function, for example, 
the light being welcoming and warming. Within the smart home, automated 
functionality will have to enable the home occupant to control technology directly, to 
allow for these secondary functions. 
When there is more than a single home occupant, technology is used in conjunction 
with the behaviour of others in the home. One home occupant may then change their 
behaviour surrounding technology to fit other home occupant's perception of required 
behaviour in relation to technology use. The manipulation of technology (through direct 
user-system interaction) can act as a mechanism to indicate desired behaviours of 
others in the home, for example, to communicate a desire for a response as a 
mechanism to manipulate the behaviour of other home occupants. The knowledge and 
expertise surrounding technology also forms a structure within the behaviour of home 
occupants. Indeed the apparent roles of an individual within the home will dictate their 
uses of home technology and as a result influence their expertise with particular 
technology. The smart home could potentially extenuate this structure with the 
consequence of alienating some individuals with their own technology in the home. 
There is a juxtaposition of attitudes due to an individual's threshold of what is 
and is not meeting their need for autonomy: people need to at least perceive full 
control of their home. 
There is an apparent juxtaposition of perceptions towards the adoption of smart home 
technology. For example, one view is that technology adoption will support 
independence through functionality and additional contact with health professionals, 
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family or friends, and is perceived as empowering and gaining control to support 
autonomy. This contrasts with the perception that adopting smart home technology 
constitutes losing control due to the reliance and dependence on the technology and, 
indirectly, health professionals, family and friends. Further research is required to 
establish whether the perception of the control of technology is sufficient and how 
much of these perceptions of control must be adjoined to performance of the physical 
activity itself, to satisfy the need for autonomy. 
When smart home does not offer total automation, the physical manipulation and 
visible presence of technology reminds or affords the activity. The smart home 
must therefore not be completely automated necessitating some visible and 
physical presence. 
Individuals preferred to maintain existing tangible control of technology. This is 
perhaps borne out of their existing conceptual understanding for home technology 
control. The manipulation of technology in the environment, and the permanent 
physical location of technology, can act as a mechanism to support and remind 
individuals of activities. However, when functionality is user controlled in the smart 
home and there is an absence of the visual object and physical manipulation of 
technology, it could be a detrimental to the activity being carried out, leaving the home 
occupant without a reminder. 
The design of technology must acknowledge and allow for the complexity of 
individual and group behaviour. 
The findings from this research stress the importance of contextual smart home design 
research. An individual's attitude towards technology not only influences their 
behaviour but also the behaviour of other members of a household. Equally, the use of 
technology appeared to influence the behaviour of others in a household. In addition, 
knowledge of technology and individual technology proficiency appears to influence the 
user of technology, and so differentiating individuals within a household. The 
emergence of new intelligent smart home technology will obviously have an effect on 
the balance of these existing behaviours. The implications of smart home technology, 
therefore, cannot be considered in isolation from existing behaviours in real homes. 
10.3.2 Industry practice guidance: the challenges of UCD 
Despite bringing together disciplines with different practical and ontological 
assumptions, in the hope that incongruent perspectives will generate a juxtaposition of 
views to lead to new insights into usability (Norman, 1999, cited by Harper, 2000), 
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Harper (2000) suggested that, in the case of domestic technologies, sociology, 
ergonomics, human factors and HCI have not had sufficient influence on design as 
would have been expected. The reasons attributed to this include: 
" The manufacturers are not in a position to fully commit to the requisite 
experimental approaches espoused to by these disciplines; 
" The information tends to be used at the end of the design process; 
" The domestic technology market may be driven by perceptions of consumer want, 
rather than what might be considered usable; 
" Any supplementary naturalistic descriptions increasingly borrowed from sociology 
are not rich enough to offer the detail required for design, as suggested by Hindus 
(1999). 
The interviews with designers, in this thesis, provided a picture of today's working 
practices, which not only identified and reiterated previous caveats describing poor 
UCD practice but also the challenges that are considered to be most important to more 
efficacious smart home design. Challenges to UCD were identified as integrating user 
requirements, losing the meaning of user information, poor understanding of the role of 
other team members, lack of understanding for the impact of one's own role, and the 
attitude that human factors is boring and constraining. The interviews with designers 
suggested that currently: 
" UCD is yet to fulfil its anticipated goal. Existing technology remains to cause 
frustration. This is of concern especially when considering the fact that technology 
is becoming more advanced. 
" UCD is ambiguous (both in the literature and in practice), leaving designers with 
mixed understanding of what is appropriate and best practice for integrating users 
and user requirements in design. 
" UCD professional practice lacks adequate integration of user requirements 
sufficiently for it to ensure that user findings will support good design. 
To accommodate for the complexity of behaviours in the home and to ensure more 
efficacious UCD in the future, it is suggested that: 
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" UCD in professional practice must now account for the impact that (perceptive and 
reasoning) technology could have on behaviour. 
" UCD must be routed in macro or systems ergonomics more akin to the design 
process that industrial automated systems are subject to, designed and 
implemented within. 
" UCD must focus on front-end research to gain more success. Users in the home 
do not have to use technology as they did in the work place. It is imperative to 
study the impact of new technology in the home, in isolation and in conjunction 
with other technology, with an individual and with an individual in conjunction with 
other household members. 
The commonly perceived vision of the smart home is a single system but, as the 
interviews of the designers suggest, it is more likely that the smart home will appear 
piecemeal, not as a purpose built home (Bell and Dourish, 2007; Edwards and Grinter, 
2001). The changing anticipation of the smart home from a new home with advanced 
technology to the piecemeal `accidentally' emergence of the smart home is analogous 
to work orientated new systems implementation. Eason (1 995b) describes strategies 
for successful implementation of new work systems ranging from `greenfield site' 
implementation, when a complete system is introduced in an entirely new situation, i. e., 
a new factory is opened in a new location, to (the complete opposite) `incremental 
implementation' when a location may be consistent to existing technology and a new 
system is installed incrementally. The main advantage of this latter approach, in both 
situations, is that the user only has to adjust to new technology incrementally. Eason 
(1995b) warns of the ad hoc, rather than planned, evolution of incremental 
implementation of systems that can lead to incompatibility of systems, leaving early 
adopted technology redundant and later more advanced technology, limited in use. 
However, without doctoring or augmenting directly, the prevalence of old, unused and 
defunct technology in the home for aesthetic, emotional and nostalgic reasons, found in 
the Home Case Study, leads to the principle that not all technology will ever be 
integrated efficiently into a smart home system. The many indeterminate personal 
requirements and perceptions of the smart home stress the complexity of needs with 
regard to the smart home, and will be reflected in an individuals' choice of smart home 
technology products, which will collectively determine their smart home. This raises a 
number of issues that must be resolved in UCD practice to ensure that a smart home 
will function effectively and is usable. 
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The designer interviews revealed little focus on the impact of technology on existing 
behaviour in the home, beyond early stages of research and development. In later 
stages of design practice any emphasis on behaviour surrounding technology focused 
on individualised user-system interaction and usability characteristics of a product. The 
end-user research in this thesis suggests that an individual's behaviour surrounding 
technology will impact other individuals' behaviour. UCD must now account for the 
impact that the implementation of technology in the home will have on an individuals' 
behaviour. Research on the impact that smart home technology products will have on 
behaviour will be required. When numerous products are introduced and interact with 
existing home technology, the (now system) collective impact on existing home 
behaviour must be evaluated within the UCD process. 
When smart home technology has perceptive and reasoning capabilities, the 
importance of understanding the impact on behaviours in the home will be paramount 
to its successful implementation and adoption by the user. The findings of this work 
suggest that future design practice must attempt to incorporate an understanding of the 
behavioural implications of implementing smart home technology in the home, not only 
on the individual but also the dynamics of human-human interactions. Equally, the 
evaluation of these complex systems must be done in a suitable manner, not only with 
one isolated individual, as the behaviours of other individuals in a home may impact on 
the user-system interaction of that individual. It is more realistic to implement systems 
into homes on a trial basis to facilitate contextual research to support design practice, 
now that the smart home will emerge incrementally. It is suggested, therefore, that the 
design process evolves to allow time for technology to be properly studied in the home. 
It is evident that there is still a gap between the UCD process prescribed in EN ISO 
13407 and real design practice. A greater emphasis on macro ergonomics and 
systems for home technology design is necessary to ensure that the impact of 
technology in the home will not be debilitating. This may be more common practice in 
the design of safety-critical and industrial systems for obvious reasons but it is not 
currently common practice for home technology design. Domestic and consumer 
products have a short life span and the design is also typically carried out over a short 
period. Questions of how the implementation of a television will impact on the lives of 
an individual living at home have not been necessary for the product designer hitherto. 
However, this is contrary to the designers of nuclear power station control systems, for 
example. For these designers, it is imperative to ask the question of how new system 
design and implementation will impact on the organisational culture, safety procedures, 
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and risk assessments of human error. For these systems the consequences can be 
life threatening and companies can be heavily fined, such that implications are 
dramatic but real and because they are so, companies ensure that, to the best of their 
ability, systems are designed and implemented correctly. In the future, it seems that 
this stringency must be carried out in relation to the smart home. This is not an easy 
accomplishment however. 
10.4 Methodological considerations 
Except for the short questionnaire (chapter six), the research was qualitative in nature 
and, when it was appropriate, completed in a naturalistic environment. The holistic 
investigation of the research phenomena utilised methods to gain user perceptions of 
the smart home, user experiences of existing home technology, to embody desires, 
and to gain knowledge about the experiences of the working practices of designers. 
Triangulation was made between research findings to gain a general and rich 
understanding of the many interrelated elements that make up the smart home. The 
research did not attempt to find an answer to what the smart home should aspire to be 
as this would not be realistic and would have emasculated the meaning of the data. 
This research was concerned with gaining insight into experiences of home technology 
in an attempt to identify requirements for future home technology and to understand 
how best to support design practice. The purposive sampling strategy employed to 
investigate the user maximised the range of participants by selecting information rich 
cases of the population for in-depth study. Equally, the interviews with designers 
utilised a theoretical sampling strategy (also purposive) to enable sampling to evolve 
during the data collection and parallel analysis, by utilising a constant comparative 
method of analysis. As pointed out by Ponterotto (2002), Glaser and Strauss (1967), 
"the constant comparative method is not designed (as methods of quantitative analyses 
are) to guarantee that two analysts working independently with the same data will 
achieve the same results. " Therefore, the method allows for multiple interpretations of 
the research data. However, the constant comparative method of analyses ensures 
that the main themes and topic findings are common to all interviews. 
Data collection in the workshop and the designer interviews was retrospective, 
discussion probed experiences and relied on memory of previous events; this has 
potential for error. The detail provided by the subjects may have been biased and not 
reflected true experiences, for example, they may have been socially desirable 
answers. However, data collected in chapter seven and eight built on chapter six and 
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supported the reported findings of earlier chapters Equally, theoretical sampling, a 
central procedure of Grounded Theory (Locke, 1996), ensures that data collection does 
not stop until saturation is reached and no new emerging themes of interest arise. The 
findings in this study are a reflection of the interviews, not an isolated case unless it is 
specifically stated. 
None of the results relating to the user are aimed at being generalised to the whole 
population or other cultures. The data is rich in nature and dependent on many 
indeterminate individual and environmental variables. The designer study is equally 
not to be generalised but do provide examples of existing design practice. Any attempt 
to capture a large sample to represent normative working practice would have proven 
extremely difficult as recruiting designers is notoriously difficult (Cain, 2005; Gyi et al., 
2000; Sims, 2003). Time constraints were also a consideration. In addition, the smart 
home is an emerging focus for design; this limits the capacity to recruit participants. 
Recruiting participants for each of the user Smart Home Workshop groups was 
challenging. The inclusion of physically disabled and older individuals required 
additional ethical clearance. Recruiting these groups was achieved most fruitfully by 
visiting community groups. This could be criticised as individuals attending community 
groups are active and perhaps motivated, confident and feel socially included and not 
the neediest group for the prescribed benefits of smart home technology. The physical 
ability of these individuals was different to the other groups and their experiences with 
technology (the main focus of the study) would also have been different. The three 
user research studies utilised the same participants throughout the research. This 
enabled participants to become familiar and comfortable with the researcher. The 
Home Case Study, obviously, led the participant to carryout data collection in 
participants own home. The familiarisation that led to confidence of the participants 
with the researcher supported this research. 
The naturalist and interpretivist approach to research undoubtedly incurred insightful 
information that would have been missed with the use of alternative positivist 
approaches to research. It is necessary, to understand the complex interactions 
between individuals and the home and home technology, to utilise exploratory methods 
in real homes. Equally this provided the participants with the opportunity to embody 
unspoken desires when creating a home control. These findings would be, arguably, 
impossible to gain using alternative methods, such as a questionnaire. The value of 
interviewing and observing real working practice in the interview of the designer study 
is evident, especially as terminology and understanding was equivocal. A 
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questionnaire may have found that all participants adhered to a textbook definition of 
user centred design but without further probing, that is possible in an interview, the 
result would not reflect current practice that showed ambiguous understanding of UCD. 
10.5 Recommendations for future work 
The research in this thesis provides further understanding of experiences surrounding 
existing technology in the home, perceptions of future technology for the home, and 
state of the art technology design practice. 
Collate the most appropriate UCD methods for smart home technology 
The main finding of the interviews with designers is their necessity to understand 
human behaviour in the home and surrounding technology and a need for greater 
clarity regarding UCD methods. The home is the scene of many complex behaviours 
surrounding technology. The understanding of the home environment, for effective 
technology design, will require a greater understanding of the implications of advanced 
intelligent systems on the behaviour of the occupant(s). It is proposed that research is 
required to recommend a realistic design process that can incorporate this complex but 
essential necessity to understand behaviour. Such a process should perhaps first 
review the socio-technical systems design of (typically) industry and work based 
systems. Although it has been iterated that behaviour in the home is fundamentally 
different to the Taylorist and task-based occupations that occur in a work environment, 
lessons can be learnt from the methods to predict the impact of new smart and 
intelligent technology implementation in the home. Recommended UCD methods 
should be collated with examples of their most appropriate use. 
Co-design as a method to support the analysis of ethnographic findings 
The recommendation for a greater emphasis on the impact of technology on behaviour 
will undoubtedly have to confront the awkward question of how best to incorporate and 
deal with rich data resulting from ethnographic research. When research does not 
incorporate existing technology, to establish the potential for new areas of technology 
implication, ethnographic research creates vast amounts of discursive observations. 
Interpreting this data is not straightforward or natural for a design team. Crabtree and 
Rodden (2004) pointed out that ethnographic research in the home has still not 
provided a panacea to the "wicked problem" of technology design for the home. They 
suggested that it makes a modest contribution to inform the design of technologies for 
the home. Taylor et al. (2007, pg. 384) reiterates this by acknowledging the work of 
Crabtree and his colleagues specifically, stating that it provides "detailed analysis and 
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useful orienting principles, " but commenting that they do not articulate how technology 
may be developed in practice, with respect to design and design guidelines. The Co- 
design Workshop (chapter eight), to capture unspoken desires following the Probe 
Study and Home Case Study, provided one means of dealing with this data. Hitherto, 
this type of workshop has predominantly been used as a mechanism to capture 
information regarding the redesign of technology. Co-design should be investigated 
further as a more natural and user-centred method to transfer ethnographic findings 
into more tangible data. One caveat is that researchers should not be tempted to take 
the physical properties of the product of co-design directly. Rather, the product of co- 
design should be used to triangulate ethnographic findings and further understand the 
research phenomena. 
The need for smart home technology to imbue human autonomy 
The automation of technology in the smart home must account for an individual's 
perception of their own autonomy, through the perceived control of activities in the 
home. The user findings suggested juxtapositional (for example, the desire for chores) 
and contradictory (for example, energy efficiency aspirations) existing behaviours 
surrounding technology, needs and perceptions of the smart home. This suggests that 
the necessary control of activities within the home, to maintain independence and 
autonomy, depend on the individual. This and the Co-design Workshop findings 
related to user-system interaction suggest that further research should be done to 
establish how individuals' perception of control, to support autonomy and 
independence, vary in relation to the support of smart home technology. Cultural 
differences in these findings could also form the focus of future research. For example, 
western culture emphasises older individuals living independently, whilst ethnographic 
work in Asia has reported older individuals to be cared for within the family (Bell, 2002). 
Continued research of problems with the usability of technology 
Many of the less positive perceptions of the smart home were a directly related to 
individual's experience with existing technology. For some individuals in the Home 
Case Study it was clear that current physical design of products coupled with physical 
difficulties, as a consequence of age related physical decline, can be incapacitating 
and result in difficulty with product usage. The important question arose in this 
research as to whether technology development towards the smart home has actually 
overshadowed the more pertinent importance of designing technology and the built 
environment more appropriately for the home occupant. It is necessary to continue 
research surrounding the usability of products and technology systems, and to assess 
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the most pertinent issues and prioritise the needs to maximise the benefits of future 
design. 
The smart home as a tool to inadvertently departmentalise society, into those 
with and those without knowledge surrounding technology 
The General Household Survey 2002 shows that home technology adoption varies 
depending on the national statistics socio-economic classification (NS-SEC), the 
household weekly income, household type (size) and if the household is occupied by a 
lone-parent family (ONS, 2002). All future research in relation to perceptions or 
adoption of technology should account for these statistics and their effect on 
technology perceptions and familiarity. It could be postulated then that the smart home 
will indirectly create a segregated society, one half living in smart homes who 
understand technology and the remainder in existing homes. This is not simple 
conjecture however. As reported in chapter two, time-using goods are shown to diffuse 
much more quickly than time-saving goods, not indicatively of income. In contrast, 
time-saving goods emergence in the home has been closely related to household 
income (Bowden and Offer's, 1994). The smart home potentially brings this technology 
together and rather than designing functions, designers now focus design on emotions 
and experiences. The potential departmentalising effect of smart home technology on 
society should then be researched. 
Support for non-collocated design teams 
Bellotti and Bly (1996) reported that informal, opportunistic and serendipitous 
workplace interactions contribute advantageously to collocated design work; this led to 
attempts to development technology to support this practice when collocation is not 
possible. In a more recent review of the literature of collocated and non-collocated 
synchronous group collaborations, Olson and Olson (2000) reported four key factors 
that determine the success of collaboration (common ground, coupling of work, 
collaboration readiness and collaboration technology readiness) but they concluded 
that distance still matters with many non-collocated teams not succeeding. Designers 
that took part in this research reported working in non-collocated global design teams 
and it was anticipated that the number of global collaborations will increase in the 
future. Without the informal interactions between design team members or more 
success of collaboration in non-collocated design teams, this could have negative 
consequences. Further research must be done to identify methods to support future 
practice and ensure that the only consequences of global design teams are positive. 
Reported difficulties in this thesis supported existing issues relating to temporal and 
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spatial limitations but cultural miss-understanding was also mentioned. It was apparent 
that the meaning of user information was lost in collocated design teams; it is likely that 
this is at least as apparent in non-collocated design teams. 
Social attributes for the smart home 
If it is assumed that a smart home will have perceptive and reasoning capabilities and 
that it will be able to react to the home occupant's behaviours. The ability for the smart 
home to initiate this interaction will depend on the occupant's predetermined 
preference to customise autonomy of the smart home system. For example, consider 
the following scenario. In a household consisting of a mother, father, son and daughter 
the mother may be preparing a meal. The daughter may be aware that the doctor had 
recently told her father to refrain from eating fatty foods due to high levels of 
cholesterol. The father, however, may have instructed his daughter to keep this as a 
secret to ensure that his wife does not worry. The daughter may then choose or not to 
share this information depending on indeterminate individual and environmental 
variables. In a smart home, the system may be aware that the mother is preparing a 
meal for the family but also that the doctor has advised the husband to refrain from 
eating fatty food. Despite the husband choosing not to inform his wife of this advice, 
the reasoning capabilities of the system will have to determine what is appropriate. 
The capability of a human to make appropriate decisions can be called etiquette and is 
an attribute of social intelligence. For the smart home or any technology to be truly 
capable of reasoning when making a decision it must be socially intelligent. Making a 
technology socially intelligent is an almost impossible task. Goulding (2002) criticised 
the positivist paradigm for not accounting for "the metaphysical, the intangible and the 
irrational aspects of the complex, interactional and sometimes conflicting influences 
that constitute human behaviour. " Akin to an experimental study, developing 
automated systems that do not have social intelligence are likely to require human 
behaviour to be logical, structured and happen in a controlled environment. 
Maintaining control 
The importance of maintaining control in the home is clear. Parasuraman (2000) 
differentiates decisions and actions for the balance and distribution of automation in a 
system. This research has suggested that the home occupant must always have some 
input to any system functionality, to feel autonomous and support the feeling of being 
independent. However, further research must identify whether the decision to carry out 
an action is sufficient to fulfil an individual's need for autonomy, rather than actually 
carrying out the action. The recognition and importance placed on maintaining 
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cognitive and physical activity found in this thesis questions whether the decision to 
carry out an activity is sufficient on its own. 
10.6 Conclusions 
The following conclusions are supported by the research in this thesis. 
" Previous research called for the UCD of smart products; it was perceived as a 
panacea of design methods. Despite all companies and designers advocating and 
stating that they follow UCD practice, the research presented in this thesis 
reiterates the difficulties and frustrations people have with home technology, 
suggesting that UCD has neither been as ubiquitous as findings suggest nor as 
successful as once envisaged. The findings in this thesis suggest that the 
ambiguity of terminology and understanding of the appropriateness of methods 
influence the efficacy of UCD. For example, all of the designers did consider their 
working practice to be UCD but a design professional may believe that their 
working practice is appropriate and user centred but not understand the reasons 
that their practice is perhaps not the most appropriate. Appropriate UCD methods 
must be more explicit. Challenges to UCD were identified as integrating user 
requirements, losing the meaning of user information, poor understanding of the 
role of other team members, lack of understanding for the impact of one's own role, 
and the attitude that human factors is boring and constraining. 
0 Rather than guidelines for a specific construct, it was expressed that it is more 
pertinent for the designers to understand the complexity of the smart home, and 
behaviour surrounding technology in the home, and identified challenges to UCD. 
This thesis has attempted to do this by: capturing perceptions of the smart home for 
a purposively broad range of the population; identifying complex behaviour 
surrounding existing technology usage; providing further understanding of heating 
and lighting use (which is not typically subject to detailed study); providing a case 
study example of moving from ethnographic data to participants co-designing their 
own smart home; and identifying challenges that will contribute to more efficacious 
UCD. 
0 The user research in this thesis has revealed the impact that technology can have 
on an individual's behaviour, and how one individual's use of technology can 
influence the behaviour of others in the home. In addition, findings suggest that the 
primary function of technology forms a fraction of the extent for which technology is 
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actually used. For example, lighting as a domestic technology supports comfort, 
perceived security, the feeling of physical presence, and is even a mechanism to 
maintain home control, structure, and occupant hierarchy and roles (further 
research is required to determine the extent of this). Rather than the goal- 
orientated tasks that traditionally view technology by differentiating time-using and 
time-saving functionality, it is necessary to consider the human holistically. 
Categorising technology in a functional manner does not match the secondary uses 
of technology. The smart home will inevitably increase the functions of technology 
by merging a number of traditionally distinct industries. This supports the need for a 
more realistic model of technology and behaviour in the home. 
The home should be interpreted as a complex, dynamic and evolving system. 
Synergy between the user and the designer research in this thesis has revealed the 
need for greater understanding of the impact that technology will have on the home 
system. It is envisaged that the implementation of more sophisticated smart home 
technology will impact on the existing behaviour of individuals, and the interactions 
between individuals in a home. Future UCD must incorporate principles to 
understand the impact of new smart home technology implementation on the 
existing home system. It must identify the consequences not only on the individual 
but also the collective system. This moves beyond existing UCD which tends to 
focus on an individual's interaction with a system, it must account for an individual's 
interaction and the impact on the other individuals in the system. 
0 For the smart home to be a success, the benefits and requirements must first out- 
weigh the anticipated disruption, fear and lack of confidence left by the legacy of 
existing home technology. Nevertheless, all participants had positive perceptions 
and attitudes towards the future smart home. However, individual needs and 
desires can be disparate and even contradictory between individuals. Differences 
found in this thesis can be distinguished by the functional requirements that range 
from simple to complex and automated tasks; the locus of control, which does not 
assume that a home system can act upon any possible intelligent (perceptive and 
reasoning) capabilities; and the nature (form) of the user-system interaction, the 
explicit desire to maintain dedicated control of individual technology products 
reiterates the importance of user-system interaction matching the users' conceptual 
model. 
The findings in this thesis suggest that the balance of user or system control will 
depend on the perception and juxtaposition of an individual's loss of control 
in 
contrast to greater empowerment. An important component of this appears to 
be 
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an individual's need for autonomy, for example technology products may empower 
people to cope with physical difficulty but individuals do not necessarily want 
chores withdrawn as they can be satisfying. The legacy of existing technology will 
influence this indirectly in relation to the trust an individual is willing to place in a 
system. This suggests that the only solution is tailored and customisable smart 
home technology. 
" Once the participants were immersed in the smart home and despite it being a 
complex product that had not been directly experienced, the Co-design Workshop 
provided a successful method for participants to embody their smart home desires. 
Co-design in this manner was not reported in current design practice. Nonetheless, 
this method should be explored in the future as a means to embody and triangulate 
information for the smart home designer. Co-design provided a method to deal 
with some of the complexity and volume of information captured in an ethnographic 
study. It also provided a means to triangulate findings of an ethnographic study in 
a perhaps more accessible form for designers. 
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Smart home workshop: Informed consent form 
(to be completed after Participant Information Sheet has been read) 
The purpose and details of this study have been explained to me. I 
understand that this study is designed to further scientific knowledge and that all procedures have been approved by the Loughborough University 
Ethical Advisory Committee. 
1 have read and understood the information sheet and this consent form. 
1 have had an opportunity to ask questions about my participation. 
1 understand that I am under no obligation to take part in the study. 
I understand that I have the right to withdraw from this study at any stage for 
any reason, and that I will not be required to explain my reasons for 
withdrawing. 
1 understand that participants present in the workshop and researchers 
directly related to the project will have knowledge of any discussions. 
I understand that the workshop will be video-taped for use by researchers 
directly related to the project only and that the video is being used as a 
memory aid for the researchers only. 
I understand that still photographs taken will be modified to keep my identity 
anonymous and that the photographs may be used to illustrate the workshop 
in the project report. 
agree to participate in this study. 
Your name 
Your signature 
Signature of investigator 
Date 
Age (please tick) 
Gender 
...... . ......................................................... ..................................................... . ... ............................ . 
18-34 F] 35-49 r-1 
50-64 [7] 65-74 
75+ F] 
Male [-ý Female 
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Participant Information 
1. Please tell me about your household: 
Number of adults 
Number of children under 10 
Number of children aged 10 - 18 
1E] 2E] 3R 4EJ 
1E] 2E] 3EJ 4R 
1EJ 2E] 3F-j 4EJ 
2. What technology do you currently have in the home? 
Technology Please tick 
Computer 
a) Personal computer/Apple 
b) Internet connection 
c) Personal digital assistant (PDA) 
d) Games Console e. g. Sony Play station 
e) MP3 player 
Phones 
a) Standard mobile phone 
b) 3G mobile phone 
c) Cordless phone 
TV/Radio 
a) Terrestrial TV 
b) Cable digital TV 
C) Satellite digital TV 
d) Terrestrial digital TV 
e) Digital radio 
Wide screen TV 
g) Flat screen TV 
h) Home cinema system 
i) VCR 
j) DVD 
Cameras 
a) Digital still camera 
b) Digital video camera 
Other (please add 
a) 
b) 
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3. How would you describe your knowledge of technology on a scale of one to five? 
1.1 have no knowledge of technology 
2.1 have very little knowledge of technology 
3. lam unsure 
4.1 know about most technology 
5.1 am always aware of new and upcoming technology 
Please ring: 13 
4. If you have a computer at home please complete the following questions: 
a) How often do you use your computer? 
1. Every day 
2.2 -3 times a week 
3. Once a week 
4. Once a Month 
5. Less than once a month 
b) Do you use your computer for work, pleasure or both? 
1. Work 
2. Pleasure 
3. Both 
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Scenario I (positive and negative points written for each) 
You are travelling home after a day out, it is a cold day and you hate arriving 
home to an icy house. You reach for your mobile phone and text "evening 
climate", you press send and select 'home' from your mobile's phone-book. A 
message is sent to your house, turning the heating on to your predefined 
"evening climate )I settings. 
You are unsure about whether the boiler will be working as it was getting fixed 
today. You did not need to be home whilst the boiler was getting fixed, the gas 
boiler service engineer will have swiped his ID card and let himself into your 
home to assess the breakdown and fix any fault. 
When you arrive home, much to your relief, the living room is toasty warm. 
However, the kitchen is cool. You then remember that Is evening climate 11 warms 
the living room and bedroom, but not the kitchen; you do not tend to go in to the 
kitchen in the evenings after eating dinner. 
You decide to skip dinner as it is late and press the "sleep" button on your 
interactive fridge. This instructs the house to heat the bedroom for half an hour, 
before going into it sleep 11 mode. 
'Pictures Removed' 
Scenario 2 (positive and negative points written for each) 
On Sunday evening you sit down in the living room and decide what you are 
going to eat the following week. On your remote tablet you pick four evening 
meals for the following seven days; you have a busy week scheduled. 
The remote tablet 'talks' to your fridge, telling the fridge what you have ordered. 
The fridge then checks what food you have and orders the food you do not 
have. 
When you have completed choosing a menu, the computer system prompts you 
to change the heating settings; the computer has checked your calendar and 
recognises that you will not be in the house every day. You choose to turn the 
heating off when you know you are not going to be in the house. 
The following morning the food you have ordered is in a refrigerated box 
outside, ready for you to put into the kitchen. 
When you place the food into the kitchen the cost of the shopping 
is displayed 
on the fridge interface. Your remaining credit balance with the super store 
is 
highlighted. 
'Pictures Removed*** 
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Scenario 3 (positive and negative points written for each) 
a) You bedroom is cold so you decide to turn the heating up. Your new Smart 
Home offers you the ability to turn the heating up without leaving your bedroom. 
Would you want to turn up the heating from your bedroom? 
Yes LI No LI 
What would you want to do to turn up the heating whilst in your bedroom? 
b) Whilst watching TV in your living room you remember that you need to set 
the heating and lighting for the period that you will be on holiday (you leave for 
Ibiza first thing in the morning). You need to set the home alarm, the heating 
and the lighting for the week you are away. 
Would you want to set the home alarm, the heating and the lighting whilst you 
are in your living room? 
Yes F] No 
How would you want to set the alarm, the heating and the lighting to come on at 
the appropriate times whilst you are away? 
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Workshop debrief 
Examples are given of future applications of Smart Home technologies. 
From the list below please score your opinion of the most important 
priorities for your future Smart Home? 
1-I would never use this 
2.1 may use this occasionally 
3. lam unsure 
4.1 would use this frequently 
5.1 think this is vital 
Future applications Please ring 
a) Context-aware systems - for example: monitoring 12345 
relatives in their own home from your home. 
b) Home health monitoring - for example: you require 
close monitoring of your blood sugar level, the 12345 
equipment at home provides your doctor with daily 
updates of your levels. 
c) Remote diagnosis - for example: enables your doctor to 
diagnose your illness without you having to leave your 12345 
home. 
d) Smart fitness equipment - for example: can monitor 
your exercise, providing you with an remote personal 12345 
trainer 
e) Downloading music to listen to as you require. 12345 
f) Your TV will learn to record your favourite TV shows if 12345 
you are not in the home. 
g) Music and the TV turn on as you move around the home 12345 
in the relevant room. 
h) Downloading films to watch as you require. 12345 
Remote control of: 
i. Lighting. 12345 
i. Air conditioning / Heating. 12345 
k) The ability to monitor energy use and cost when 12345 
required. 
1) Photographs in picture frames change according to the 12345 
person working at the desk. 
m) An automatic meter reading. 12345 
n) Your home will alert you of any problems and send 
images to your phone or work computer. Gas leaks 12345 
and Carbon Monoxide levels will be monitored and 
directly inform the supplier of problems. 
o) Internet video phone - -for example: will allow you 
to 
see and talk to your family and friends anywhere in the 
12345 
world from any room in the home. 
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p) Home calendar to remind anyone in your home 12345 
q) what you are doing that day/week/month. Reminders 
can be verbal as you move around the home. 12345 
r) Talking to people at your front door from anywhere in 
the home. 12345 
S) Internet homework enables your child to receive and 
return their homework via email and the results are 12345 
automatically added to their school record. 
t) The phone only rings in the rooms where the 
addressee is actually present. 12345 
U) In-house communication system allows members of the 
home to talk to each other as if they are in the same 12345 
home. 
V) Video baby monitor. 12345 
W) Kitchen computer system will help you plan menus and 
assist with recipes. E. g. Food can be ordered 
automatically as all food being consumed can be 
12345 
tracked. 
X) Food being delivered automatically to a secure box 
outside of the home. 12345 
Y) Maintenance alerts - for example: your appliances will 
automatically notify the supplier of any problems. 
12345 
2. The most useful function in the Smart Home for me would be 
Do you take advantage of any of the following internet based home 
services? 
Online home shopping for: Please tick 
a) Food / consurnables 
b) Books 
C) Cinema/entertainment tickets 
d) Alcohol 
e) Travel 
Sport/entertainment tickets 
g) DVDs/videos CDs 
h) Computer accessories 
i) Home entertainment (i. e. TV DVD player) 
j) White goods (washing machine) 
k) Other: 
Home information: 
a) N ews 
b) TV guide 
c) Hobby interest 
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d) Banking 
e) Information e. g. travel, holidays 
f) Other: 
4. Do you have any Assistive Technology in the home to aid use of existing 
home technology? 
Yes El 
...................................................................... 
Description 
No 
Thank you for participating in this workshop! 
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Smart user interfaces for an integrated home environment 
Feedback 
If you would like to receive information about the results of this workshop please 
provide details below. 
Myname 
..................................................................................................................................................................... 
My contact details: 
Email address 
Postal Address 
Further research 
This workshop is the first phase in a larger research project. If you would like to 
help us further in our research please provide details below. 
The second phase of the research will require you to try out mock-up designs of 
Smart Home concepts/ideas and in a co-designing role refining and developing 
them. 
The third phase of the project will follow a similar format to the workshop 
requiring you to evaluate design prototypes for the Smart Home. 
Myname 
.......................................................................................................... .................................................................. ................... 
My contact details: 
We are looking for a range of people to take part in the next phases of the 
research, if you know other members of your family would like to join in, please 
supply their details tool. 
Other family members who would like to join in the discussion groups: 
Name: 
..................................................................................................................................................... 
Name: 
............................................................................................................................................................................................... 
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Appendix 1-2: Smart Home Workshop Protocol 
At the Workshop 
An introduction to the workshop (1.30 - 1.40) 
o Information, demographic sheet and consent form, What is a 
workshop? Rules of the workshop, Itinerary including breaks and directions to toilets 
" Ice breaker (1.40 - 1.50) 
" An introduction to Smart Homes (1.50 - 2.00) 
" Video 
" First Impressions of the Smart Home 
" Definition of Smart Home discussed with the participants 
" Smart Home scenario (2-00 - 2.30) 
" Participants read two scenarios (positive and negative points of each). 
" Scenario 1: 
" Scenario 2: 
" Compare scenarios to existing activities 
Break* (2.30 - 2.40) 
Designing the Control of the Smart Home (2.40 - 3.15) 
" Discuss existing technology 
" Scenario 3 
Participants don't write their suggestions, facilitator to walk through 
their requirements on the flip chart. For example, discuss possible 
means of interaction. 
What attributes are important? 
What do you want it to look like? 
" Worksheet for individual's most important factors. 
" Emphasize the different factors as a group then participants do it 
individually (Physical, Cognitive, Emotional). 
De-brief questionnaire (3.15 - 3.30) 
Questions and thanks 
Finish 
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Appendix 1-3: Smart Home Workshop Participant 
Information Sheet 
Smart Home Workshop: Date 
Participant information sheet 
Thank you for agreeing to participate in this workshop. Before you attend I 
would like to explain a little more about what we will be doing. 
I am investigating people's feelings towards 'smart homes' and how they should 
be designed to cater for people's needs. A smart home promotes a more 
comfortable life style with environmental controls (heating and lighting) and 
products (entertainments systems, fridges, communication systems) working 
with minimum intervention from the occupier. As appliances will work together, 
anticipating and reacting with the occupant requirements, various levels of 
contact are needed between the smart home and the occupier. 
This workshop forms part of a large project undertaken on behalf of the 
Department of Trade and Industry. 
The workshop procedure 
" Up to eight participants will take part in a workshop which will include: 
"A short video. 
" Discussions that require you to talk about your home and how you 
imagine a smart home to affect your current lifestyle. 
" Practical activities requiring you to write down your thoughts on some 
smart home activities. 
" The workshop will last for no longer than two hours and we will take a short 
break in that time. 
The workshop is not a test. If you feel uncomfortable at any time or have any 
reason for leaving you may do so. 
Discussions will only be used for the purposes of this research project; no 
details will be passed on to any other organisation. Only participants 
present in the workshop and researchers directly related to the project will 
have knowledge of the discussions. 
The workshop will be filmed as a memory aid for the researchers and 
photographs will be taken to include in the project report where your 
identity 
will be modified to assure anonymity. The video and photographs will 
be 
stored securely until being destroyed upon completion of the project.. 
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Participant information sheet 
Thank you for agreeing to participate in this home interview. To remind you, I am 
investigating people's feelings towards smart homes and how they should be designed 
to cater for people's needs. A smart home aims to promote a more comfortable life 
style with environmental controls (heating and lighting) and products (security) working 
with minimum intervention from the occupier. 
In this interview we specifically want your opinions (positive or negative) regarding 
potential future technologies for the smart home. We are also interested in what you 
want the smart home to offer in the areas of heating, lighting, security and energy 
management. 
Information about the interview 
* The procedure will include: 
"A short introduction to the findings of your probe study. 
" Discussions that require you to talk generally about your views on lighting, 
heating, safety and energy management within your home. 
" Examples of potential future technologies devices that we would like your 
views upon (positive and negative). 
The session will last for no longer than two hours and we will take a short break in 
that time. 
" The interview is not a test. If you feel uncomfortable at any time or have any reason 
for leaving you may do so. 
" Discussions will only be used for the purposes of this research project; no details 
will be passed on to any other organisation. Only researchers directly related to the 
project will have knowledge of the discussions. 
" The interview will be recorded as a memory aid for the researchers. If photographs 
are taken and included in any project related presentations or publications your 
identity will be kept anonymous. 
" Any photographs will be stored securely until being destroyed upon completion of 
the project. 
41 If you wish, we are very happy for you to invite a friend or relative to be 
present with you for the duration of the interview. 
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Health Questionnaire 
Please read through the following questions, but please do not answer any of 
the questions until told to do so. 
When you have read through it, there may be questions that you prefer not to 
answer. If this is the case then please tick the box labelled 'I wish to withdraw 
Please tick the box 'I wish to withdraw' if for any reason you no longer wish to 
participate. 
I wish to withdraw 
I am happy to answer the questionnaire II 
If you are willing to answer the questions below, please do so now. The 
answers you give will be treated in the strictest confidence. 
At present are you recovering from any illness 
or operation? Yes / No 
2. Are you currently taking any medication that may 
affect your participation in this study? Yes / No 
Are you aware of any other condition or complaint 
that may be affected by your participation in this Yes / No 
study? 
Thank you for taking part in this project. 
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Informed consent form 
(to be completed after Participant Information Sheet has been read) 
The purpose and details of this study have been explained to me. I 
understand that this study is designed to further scientific knowledge 
and that the Loughborough University Ethical Advisory Committee 
has approved all procedures. 
1 have had an opportunity to ask questions about my participation. 
1 understand that I am under no obligation to take part in the study. 
I understand that I have the right to withdraw from this study at any stage for 
any reason, and that I will not be required to explain my reasons for 
withdrawing. 
1 understand that only researchers directly related to the project will have 
knowledge of any discussions. 
1 understand that the interviews will be video-taped for use by researchers 
directly related to the project only, and that the video is being used as a 
memory aid for the researchers only. 
I understand that any photographs used in any project related presentations 
or publications will keep my identity anonymous. 
*I have read and understood the information sheet and this consent form. 
I agree to participate in this study. 
Your name 
Your signature 
Signature of investigator 
.................................. ....................................................................................................................................................... 
Date 
.......................................................................................................................................................................................... 
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Participant personal details 
1. Name (Main participant): 
Age (please tick): 18-34 35-49 F-I 
50-64 65-74 F-] 
75+ 
Gender Male F-] Female F-I 
2. Type of home? 
3. Number of occupants? 
4. Relationship to the other occupants? 
5. How long have you lived in your home? 
6. How would you describe your knowledge of technology on a scale of one to 
five? 
1.1 have no knowledge of technology 
2.1 have very little knowledge of technology 
3.1 am unsure 
4.1 know about most technology 
5.1 am always aware of new and upcoming technology 
Please ring: 12345 
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Home Case Study Interview prompt sheet (for researcher) 
Home Interview - Part A, existing technology 
Task one - Lighting and heating use 
How do you manage your heating and lighting? 
Have you noticed anything since the study has started in relation to your heating and 
lighting use? 
Reminder: Take picture of boiler, thermostat and anything else interesting. 
Task two - The most active floor in Will's home... 
Do you find anything interesting about the image? 
Looking at the image, would you want to control any of this if your home were a smart 
home? 
Reminder: Take picture of boiler, thermostat and anything else interesting. 
Task three - What would I use this device for? 
Why have you chosen these functions? 
How would you carry out these functions? 
Frequency of functions? 
Reminder: Take picture of the participant 
Task 4- Technology products in Will's home... 
Age of technology products? 
Positive and negative attitudes towards technology 
Why are these products the favourite and least favourite? 
Is it due to function, appearance, history, use? 
Who purchases these types of products in the home? Is this normal compared to other 
items purchased in the home? 
Reminder: Take picture of the favourite and lest favourite, oldest and newest 
technology products and anything else interesting. 
Home Interview - Part B, future home 
Scenario 
Imagine that your home is a smart home. With a single device you can control your 
home... the number of things within the home that would need to be controlled 
(illustrate this with task two). 
Prompts for discussion: 
The size, shape and weight. 
The buttons, screen, and physical design. 
The location of the device, the possibility of a mobile or a wearable device. 
The amount of control available from the device 
The look of the device in relation to home decor. 
The home for the device, position of use for the device, frequency of use 
Positive and negative attitudes towards each device 
Discuss the existing controls within the home 
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Debrief 
9 Discuss the participant's replies to the questions in the back of the booklet 
a) Did you follow the task instructions? 
b) Have you found the tasks easy to carry out? 
c) Was the booklet easy to follow? 
d) Have you encountered any problems with the tasks? 
Feedback and further research 
If you would like to receive information about the results of this project please 
tick the appropriate box and fill in your contact details below: 
I would like to receive information about this project: F-I 
This is the second phase in a large project. The third phase of the research will require you to 
evaluate working prototypes in a smart home environment. If you would like to help us further in 
the third phase please tick the appropriate box and fill in your contact details below. 
I would like to be considered for the third phase of the 
research: 
Contact details 
Myname 
......................... .................................................................... ......... ... ... ... .... ... ....... ... ....... 
My contact details: 
Phone number 
Email address 
Postal Address 
F-I 
We are looking for a range of people to take part in the next phase of the 
research, if you know other members of your family would like to join in, please 
supply their details too. 
Other family members who may be interested in this project: 
Name: 
............................................... 
Contact details: 
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Address 
Direct Line: +44 (0) 1509 
Fax: +44 (0) 1509 
E-mail: W. Green@lboro. ac. uk 
Date 
Dear Name, 
Subject - Further smart home technology research - Home study 
Following my appearance at the "Location" (tea and cake) on the 18th of April, I 
am writing this letter with further information in the hope that you will take part in 
the research that we discussed. To remind you, earlier last year you took part 
in a smart home workshop undertaken as part of a Department of Trade and 
Industry (Dti) research project. This also contributed to my own PhD research. 
Thank you very much for taking part, the results are very interesting and have 
been presented at an international conference in Finland! This research that 
will be carried out in your own home is related to the workshops previously 
undertaken but is a little different; it is made up of three individual sections. 
The first section of the research is very simple. A booklet will be given to 
you containing four tasks that you have to complete within your home. The 
tasks are mainly related to the use of your heating and lighting. I will 
personally deliver the booklet to explain what you have to do. The tasks are 
very simple and only take a few minutes. 
The second section of the research is an interview, carried out in your home. 
The interview will be related to the information you provide in the booklet. If 
you would like, you can invite a friend or family member to be with you when 
this is carried out. The aim of the interview is to discuss your responses to 
the booklet tasks. 
The third section of the research is a 'co-designing session' held at 
Loughborough University. You will meet the other people that have taken 
part in this project, to discuss and design smart home technology. This 
session should be particularly fun with the involvement of a leading designer 
from Nottingham Trent University! This is an optional section. 
I will ring Friday of this week to find out if you are still happy to take part 
in this 
research. As discussed, you will be given a voucher as a token of appreciation 
for taking part in this research. 
I look forward to our phone call and hope you are interested in taking part, 
Yours sincerely 
William Green, BSc Ergonomics 
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Appendix 3-1: Co-design Workbook 
Informed consent form 
Co-design workshop: Date 
The purpose and details of this study have been explained to me. I 
understand that this study is designed to further scientific knowledge 
and that the Loughborough University Ethical Advisory Committee 
has approved all procedures. 
I have had an opportunity to ask questions about my participation. 
I understand that I am under no obligation to take part in the study. 
01 understand that I have the right to withdraw from this study at any 
stage for any reason, and that I will not be required to explain my 
reasons for withdrawing. 
01 understand that only researchers directly related to the project will 
have knowledge of any discussions. 
01 understand that the design workshop will be videotaped for use by 
researchers directly related to the project only, and that the video is 
being used as a memory aid for the researchers only. 
1 understand that any photographs used in any project related 
presentations or publications will be modified to keep my identity 
anonymous. 
eI have read and understood this consent form. 
I agree to particiPate in this study. 
Your name 
Your signature 
................................................. .................................................................. 
Signature of investigator 
Date* 
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Name, Participant 04 
Co-design workshop: Date 
Smart home functions: 
Following the interviews, the functions that were discussed and those that you 
showed interest in have been listed below. 
The smart home may 
0 
0 
Comments: 
Smart home control design information: 
Again, for the second part of the interview, I have again taken the information 
that you showed interest in and listed it below: 
The device may 
0 
0 
0 
Comments: 
Verbal Presentation Comments and Questionnaire 
Whilst people present their smart home I would like you to write comments 
about whether you think their design is a suitable design for your home and 
lifestyle. 
What I like and dislike about other people's designs: 
My favourite design is 
Reasons... 
My least favourite design is 
Reasons... 
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Appendix 3-2: Co-design Scenarios 
Co-design workshop - Data 
Scenario 1 
Home security: you prepare to go away for the weekend. Using your smart 
home enables you to prepare very simply. What do you expect the smart home 
to do and how would you carry out the instruction? 
Scenario 2 
Physical security - emergency call: you are at home alone and have had an 
accident. You need to call for assistance. What do you expect the smart home 
to do and how would you carry out the instruction? 
Scenario 3 
Lighting and heating: you want to change the heating temperature setting and 
the time for it to turn on and turn off. What do you expect the smart home to do 
and how would you carry out the instruction? 
Scenario 4 
Fun: think of a fun activity that your smart home can enable you to carry out. 
What do you expect the smart home to do and how would you carry out the 
instruction? 
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Appendix 4-2 
Appendix 4-2: Designer Interviews Protocol 
Example of initial prompt sheet (used in addition to background information and 
prompts that emerged as a result of prior interviews and analysis). 
To be completed by the researcher 
Personal Information 
Gender 
Male 
Female 
2. Age range 
18-34 
35-49 
50-64 
65-74 
75+ 
3. Name: 
4. Organisation name (please note: not representing your organisation). 
5. Contact details for further research 
6. Other details +++ 
Initial questions... 
7. What is your profession? E. g. Product designer 
8. How long have you been working in this Profession? 
9. What type of organisation do you work for? 
10. What is your current job title / typical role in a project? 
11. How long have you been working in your current position? 
12. Describe the types of projects do you typically work on? 
341 
Appendix 4-3 
Appendix 4-3: Designer Interviews Contact Letter 
Department of Human Sciences 
Loughborough University Leicestershire LE1 I 3TU UK 
Department: +44 (0)1509 223036 EIN: +44 (0)1.509 223 940 
An interview study investigating the needs of the technology designers 
This study, as part of my PhD, looks at the needs of the 'technology designer'within 
current working practices. It especially focuses on those working within the design 
process of home technology development, personal consumer product development 
and environmental controls (heating and lighting). This stage of the project 
investigates current working practices to capture a snap shot of the real world in the 
design of these technologies. The research will develop a resource for organisations, 
intended to encourage and highlight the benefits of including actual people within the 
design process and account for the constraints of typical projects, small and large. 
Earlier stages of the project have captured what real people want from technology in 
the context of the home and controlling their environment, and identified the challenges 
to designers of these technologies. These technologies cover a very broad concept, 
therefore 'designer' is used very loosely to include the many disciplines involved. For 
example it includes, engineering, software development, ergonomics and industrial 
design. 
What will be asked of you? 
To carry out an interview in person at your convenience. Although a face-to-face 
interview is preferred, if this is not possible a telephone interview is equally 
valuable. The aims of the interview are: 
To discuss current working practices and the design process. 
To discuss the current use of end-user information within the design 
process. 
Benefits you will receive from participating: 
Early insight into new research exploring current design practice 
Feedback of the project findings 
Frequently asked questions 
The projects I work on are confidential, how can I discuss my working practices if 
this is the case? 
Commercial confidentiality and anonymity of both your organisation and you will be 
respected and protected. All information gathered will be made anonymous and used 
solely for research purposes. The interview does not require you to discuss any 
particular project names, clients or products, just to discuss working practices 
for a- 
typical projects. 
* How long does the interview last and when would you want 
to carry it out? 
The interview can be carried out at any time in or out of normal working 
hours, 
completely at the convenience of the interviewee. 
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0 Does my work fall into your criteria? 
The title of the research is, "investigating the needs of the technology designer. " This 
is a very broad concept including professionals from many disciplines. I am 
interviewing professionals from all of these disciplines within a wide range of 
organisations, who have worked on projects ranging from the mobile phone, central 
heating/envi ron mental controls through to the washing machine or whole future home 
systems. 
If you have any further questions, or would like additional information, please 
contact: 
William Green 
Address 
xx 
Email: W. Green@lboro. ac. uk 
Office: +44 (0)1509 XX 
Mobile: +44 07971 XX 
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